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| S23 Removal from carrier tape




U.S. Patent Nov. 1, 2016 Sheet 18 of 86 US 9,484,135 B2

FIG. 16
(A) LASER BEAM

COVER FILM(SIN) 2/2a o (22b 2)1 2 21
AIV\" ] ft — £ it " I\\AuleN
S'02“J//////////////)////lTON
REGION OF FUSES 20 ( TiSION
Si
(B)
2}2 21 21 21 A
W | oo _dbd )
Si0z //////////////////\T%N
20 (T|SO|E)N
Si
(G) 22 23 91

l / |
S'fd?kk. / / I/\q

SIOZVI//////////////)////lTON

20 or
TiSiON

Si




U.S. Patent

Nov. 1, 2016

Sheet 19 of 86

US 9,484,135 B2

FIG. 17
100
(A)
l | I | 1 | | T T | | | | I T 1 I 1 | | 1 H l/l
. GRINDING
Si substrate OF BACK
SURFACE
(B) 100
/
l T 1 T T | | T T | S | | | I | T T | I | T T | | | III
\ \ AY \ \ \
( ( ( { { (
10 10 10 10 10 10
(C) 100
/
I ) 1 | | | 1 1 1 I L L T 1 1 1 T I T I i i I l.I
\ AY AY \ AY \
| ) ) ) ) ) ) N
! ! { { { ! {
10 10 10 10 10 10 200
(D) 10 10 10 10 10 10




US 9,484,135 B2

U.S. Patent Nov. 1, 2016 Sheet 20 of 86

FIG. 18

SILICON
WAFER




US 9,484,135 B2

Sheet 21 of 86

Nov. 1, 2016

U.S. Patent

FIG. 19

~—all

L=0.3mm

(A)

T=0.1mm

W=0.15mm

o
©

(B)

I~

/612
alb

———all

l/__
/1{_/

al3~]

alb



U.S. Patent Nov. 1, 2016 Sheet 22 of 86 US 9,484,135 B2

—~—alli

al3
\

FIG. 20
all2~~



US 9,484,135 B2

Sheet 23 of 86

Nov. 1, 2016

U.S. Patent

0 —=

N—oze

<—0¢®

<—0¢®

0ce

Vi¢ Ol



U.S. Patent

Nov. 1, 2016 Sheet 24 of 86
(o]
D N oD -—
N
o —]
V]
N
o -1
J
<—(“\
S——" b
©

FIG. 21B

a2l
|

POLYIMIDE

SiN

R
\
e —

o
Q %)
2]
N [————T ]

TiN
or
TiON

a20

US 9,484,135 B2



U.S. Patent Nov. 1, 2016 Sheet 25 of 86 US 9,484,135 B2

FIG. 21C
a2l a2l

SN ) \ POLYIMIDE \ %323
1
I a22
A rrzzn Y pzzzzezy Y ],
: , K , [ a20

TiN I Si02 { a19

,%_

or
TiON

Si all

a20 a20



U.S. Patent Nov. 1, 2016 Sheet 26 of 86 US 9,484,135 B2

FIG. 22
(A)
a2l a2l a2l a2l

WWNWVWVWW VA
FRASGRERAS aRAL e

(C)




US 9,484,135 B2

Sheet 27 of 86

Nov. 1, 2016

U.S. Patent

612~

0ce—f—~

¢le

NOIS!IL
A0
Vw IS NO!L
JL S - N
4 L : — =4, N, - " 1 2 " > u A
bee- m W M \Ir \ | \ N~ 3aminiod \\
éce mN\m L¢e "4 Z/_m —Wm
cl® @ e (a)
d
N_ H
== s
»HHH/mmu%&m%%%mm%%%&”%“““HHHHNN
..mwm \m!'ﬁ_ww%”%mmmmm%mwHmmnwm o
wHU//WMm&%mwwu.””mwwwmmwmmmﬁ%%w
L\MWNH_WMWMWMWMWMWMW_HNNNNHNHHHH_MWMWMWMWMWMWM_”NN” [---
b= <] 4 (V)
€¢ D4



US 9,484,135 B2

Sheet 28 of 86

Nov. 1, 2016

U.S. Patent

ale

vie

[42<]

91d

o

¥9

[44




U.S. Patent Nov. 1, 2016 Sheet 29 of 86 US 9,484,135 B2

al3d
.‘

F20
R/32

F11
R2

=t

N

F19
R/16

F17

R/8

F16
R/4

F14
R/2

F13
R1

F10
R4

F7
R8

F6
R16

F4
R32

F3
R32

F1
R64

FIG. 25
R8

al2
B



U.S. Patent Nov. 1, 2016 Sheet 30 of 86 US 9,484,135 B2

S| LEIHEE

[HIE
{EL R E

L
L
HELEE

al3
\

FIG. 26



US 9,484,135 B2

Sheet 31 of 86

Nov. 1, 2016

U.S. Patent

S
I
91/d 91y ey Yo
_, A [ 821
o
VA
@I 8z1Y
8
; ~@
(4 84
@ P
— ) 2
v e | B
m (8) L~y
91/4 .




U.S. Patent

US 9,484,135 B2

Nov. 1, 2016 Sheet 32 of 86
FIG. 28 aid
r r g
_— —_ F17~21
16 16 5143 W/
W
_— F14~16
al2 R/16 3
R/8 -
F13

s

N

iy
;Nl" éblﬁ

Py}
~

A
- N

)

Y
(+S] S N
=~ =

P

2
o

A
w
N

s
(=]
o

bala ba ba a a3 02 2R L

—y
[e>] (4% —y
1S3 = = =

R128

T

al3



US 9,484,135 B2

Sheet 33 of 86

Nov. 1, 2016

U.S. Patent

(B)

(A)

FIG. 29

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

|||||||

|||||||

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
-

o~CcF1

R128

|||||||

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

=t
o



U.S. Patent Nov. 1, 2016 Sheet 34 of 86 US 9,484,135 B2

<
x
L o~
e
L —
o

FIG. 30
al2



US 9,484,135 B2

Sheet 35 of 86

Nov. 1, 2016

U.S. Patent

gle

WG

s

4 et \/\/\quL

17 \/>\%mu

e 09 /=

FE 0cg=A

4 P \/\HV\NM»WL

17 \M\m/m/?

e iy

2 W

M=y
K 00600~ |
X 0Z6lgn |

4 e QHKKW/M,U_

4 2 OMKV.\N/MU_

d P OMV/MW@%U_

Ol=4 Q¢=4 Opv=

08=4 091=4 0¢g=

oveol=4

08102=4 0¢618= 089L¢E=4

09601=4 0v8€9 =4




Sheet 36 of 86 US 9,484,135 B2

U.S. Patent Nov. 1, 2016
FIG. 32
(A) .
W e W 154m
wwwww S :
} S 8.5Uum 5
a21 7 a21
a20
(B) r
W 1:1:iii:i:1:1:1:1:3:3:1:1115:1:1:3:%1:1:1:1:1:1:3??:1:1?:1:1:1:?m 15um
KK vy S T T T T T T T T T T T T T T T T T T T T
j S 17U m S
a21 / a21




U.S. Patent Nov. 1, 2016 Sheet 37 of 86 US 9,484,135 B2

FIG. 33
s Thermal oxidation of
substrate surface
|
S2 Formation of resistive film

S3 [Formation of interconnection film

S4 | Formation of first resist pattern

SH First etching step

Formation of second |
resist pattern Formation of openings for pads

S6

| S15 (passivation film)
S7 Second etching step I
} S16 After—-measurement
S8 Measurement of resistance - l
S17 Formatu_)n of external
| connection electrodes
S9 Formation of cover film |
| S18 | Formation of third resist pattern
S10 Disconnection of fuse !

| S19 Third etching step

S11 Formation of passivation film |
| S20 Bonding of protection tape

S12 Application of polyimide

| S21 Grinding of back surface
S13 Exposure and development |

| S22 Transfer to carrier tape
Si14 Polyimide cure ’

| S23 Removal from carrier tape




U.S. Patent Nov. 1, 2016 Sheet 38 of 86 US 9,484,135 B2

FIG. 34

(A) LASER BEAM

COVER FILM(SIN) a22a , |/ a22b a2l a21 a2l
L | S [ i ‘/ 2 : = TiN
S'02“i//////////////,}////\TOC;N
REGION OF FUSES a0 TiSiON
Si
(B)
| a/22 a21 a21 a2l Al
Sl/:\: \\’v_ , [ A ave
3—TiN
SIOZﬂ//////////////)////lT,O(;N
a20 TiSiON
Si
(c) a?z a}23 a1
Si\:}\; / // ' / \ /\( 2 TiN
S'OZVV/////////////)////lTOC;N
a20 or
TiSiON

Si




U.S. Patent

Nov. 1, 2016

Sheet 39 of 86

US 9,484,135 B2

FIG. 35
100
(A) a
/
l O | T T 1 T T I I T T 1 I I ‘;l
. GRINDING
Si substrate OF BACK
SURFAGE
(B) al100
/
l | ) ) N | | I | .1 1 T 1 | I | A | | S | LI I lI I
\ A \ \ AY \
( { { ( ( (
al0 al0 al0 al0 al0 al0
(C) a100
/
l j I | | IS | LI 1 J | | I | | T 1 I ]I |
A \ \ AY \ AY
l ) / ) ) ) ) N
{ 7 0 { i I [
al0 al0 al0 al0 al0 al0 3200
(D) a10 al0 al0 a10 al0 al0

Ve

Ve

| ?J
2200
(E) 210 (F) al0
— v — [ 1 / 1
201 2201
L , A
(o] [U]) (e} o]
J]_2 ° °, 0\ }<§> QO (:>\(iv
A4 [ N [
2201 2200 2201 2200



Sheet 40 of 86 US 9,484,135 B2

Nov. 1, 2016

U.S. Patent

FIG. 36

" SUBSTRATE

e
~
-
RS




U.S. Patent Nov. 1, 2016 Sheet 41 of 86 US 9,484,135 B2

a210
2209 | /
2222 —azl1
a212 r— Ej1
|0 0 Ot—-—a223
!% H|—a213
E—— 1 |
a233=@§ !G> a2 |
l ! [ — |
a236\-/\i a234é%51 /,-/a214 '{a215
a220-——r::////—£§% [— Eifgﬂ\\
235 =f——1 | S 2224
|

— = =51
a220—| || a227 || 22550 1| a2

21077 | thtm

2228 sgﬁ@ﬂ T

231 =T 90|
D

a219- L/

2232 ~{—~ L

—A————-1—a218




U.S. Patent Nov. 1, 2016 Sheet 42 of 86 US 9,484,135 B2

FIG. 39
(a) b5(b56)
'b31 b32'

b2E—"

b11-—

(b) R : b100
,; S b91 ———
b2B /7~ b B w/
b90 ! V/ i P2 _boo
b11— r b1
b2C— oo L b2D
b3 b4
boA
/ m<—v. \ )
/ I | i | \ /




U.S. Patent Nov. 1, 2016 Sheet 43 of 86 US 9,484,135 B2

—~—b2

=i F(F2)

|| U
o I
o | | L
nel

T
T
|| )
T L) (i

THHE) (L L
TR (HT] [
T [HI L
R () A
) (EEL L) [T
o— | [T ) ol
I e R

AN

(F1)F —
(FIF —4

FIG. 40

b2~



US 9,484,135 B2

l=—m

Sheet 44 of 86

d
LNAJ—NQV

S—~129

%
&5

%

LR

QK2
3

R
ol

ol
55

%

R
e %

X
KR

%
5%

<2

S
2O20e

LR
RIS

g@%&%&&&&r
5

9%

X
<

Nov. 1, 2016

U.S. Patent

(¢eq ‘1eeq

Viv Old



US 9,484,135 B2

Sheet 45 of 86

Nov. 1, 2016

U.S. Patent

vzd QIEANEL
\ /
29 A
029 .
(1129 — \ ﬁ
VA T e e et
€29 Yoo 2 _ R TN
¥z d y / ﬁ Y Y W A
_ _
229 o 229
(89 '1£9) .
dlv Ol



U.S. Patent Nov. 1, 2016 Sheet 46 of 86 US 9,484,135 B2

FIG. 41C
b%Z b%Z b5
|
\ A
! Ve AV b23
{ K <|I ~S~-b21

b21 b21



U.S. Patent Nov. 1, 2016 Sheet 47 of 86 US 9,484,135 B2

FIG. 42

(b21L)

(b)

(c¢)




US 9,484,135 B2

Sheet 48 of 86

Nov. 1, 2016

U.S. Patent

029 W4 2y veq <N,n o 2_3&\@
\ { \
29
.ty — B S ——
_MMD F— 9 i s wilh : i
[ [ \ 4 ( (L) [
pq X & 224 99 ggd V¢4 zzq 229 q
(¢d) 289 (gzzq) (VZz9) (14) €
(9)
(8229229 A<NNeNN/o_
g 22924 _W_ _Vm @294 g
é _ e T b e ERaEry N e “ _ e
(czn)| k& T — (229)
a - wmwwoo ~d
2
9 < I eq
X - ™~ X
|\ (¢ee | o (Veed)gea 14 @i (2214 /
19 (59)zeq (deeq)zed (Ga)1€9 19 (e)
Sv Old



US 9,484,135 B2

Sheet 49 of 86

Nov. 1, 2016

U.S. Patent

¢e/d 91/d 8/d v/d ¢/d 2 [AS

ze | | | | | | w9 | g
| | | | | | | | | | | ¥q

4 4 4 4 4 4 4 4 4 4 4 4 4
@d) (@) (@) @) @ @ @) @) @) @) @) @) (@)

¢€/d 9l/d  8/d v/d ¢/d I [As] o 8d 91 4% ] 4% ¥9d 8d

L |
a8
99 | | £q

E E S| d E E d E d E 4 d E|
(4 G ) ) ) 0 0D, G D D ad) ad) 04

. /

3q 1E9

v Old



US 9,484,135 B2

Sheet 50 of 86

Nov. 1, 2016

U.S. Patent

FIG. 45

b5(b31, b32)

R16’/A\/\/\v

32r

R32 ’}NA/x

64r

R64 ’JX/\AV

128r

R128’}XA/V




US 9,484,135 B2

Sheet 51 of 86

Nov. 1, 2016

U.S. Patent

o —
D:gﬂ:

i

<
o

i

foe]
o

T

99

914

T

4= ]

T

e

-

c
[
=%

1

(¢€9 '1£9)59

9% "Ol4



US 9,484,135 B2

Sheet 52 of 86

Nov. 1, 2016

U.S. Patent

1q
069 azq 24 069
mmn w ( 689
a¢a—\ ] \
\ (129) (1129) (1129) (Veea) 0z4
" eeq al1¢49 aicq V129 ¢cq
\ (d22q) @29  (vzza) €84/ (1129)
\ @wwe Ved  zzq 0z9 99 V24 gz 029 V129
\ A A (A “
VE€Zq — ,_@7 » RN WY, ey VAN /V/\Vﬁ 7 VveZ9
NN / | _ /. \ , N 629
w _‘./__ o amewm@mebn 24 (959)1d ,_ = \a g
dzzq \ mmy (185 mS\ caq | 22
yq Ve req eq
Ly "OId



US 9,484,135 B2

Sheet 53 of 86

Nov. 1, 2016

U.S. Patent

(deaygoeq
(¢oeq N

)

\

(V2z9)
(V2a) [AAS
voeq (V129 gzq

L

| o v av o - VA S A S A S A S AN S -4

(V2e)zeq

V8y Old



US 9,484,135 B2

Sheet 54 of 86

Nov. 1, 2016

U.S. Patent

(929)9089
(Z9)084 ,ﬁ
)
\
(vZ9) (V129)
1zq Y089 19 029 ~7q
A AT i
Voo :
[ 1gq /
(VZz9)zz4 (VZz9)zzd

d8y Old



US 9,484,135 B2

Sheet 55 of 86

Nov. 1, 2016

U.S. Patent

(¢9oeq

)

(829)a0¢q

\

1ieq
(V) (v129)

(81e9) 0z (veza)
(92z9)2zd keq 2&3% J > w 229
AN { A ) NT
) s &ﬁ\s
z2eq ) \\\
(g129)129—
(9¢29)224

O8Y Old



US 9,484,135 B2

Sheet 56 of 86

Nov. 1, 2016

U.S. Patent

(gz9)d0¢eq
(c9)0€eq N
)
\
Tieg T1eq
(d129) (Ved) (viza)
129 1129 V0EA 129 | o0zq (VZed)
> (V22a)zeq J > ﬂ ey
[ TN AN NS OSTATS N
7z 77772 e T 2
[ [ ( 1£q
(9229)ezq (d229)zeq (959) 1Y

asy Ol



US 9,484,135 B2

Sheet 57 of 86

Nov. 1, 2016

U.S. Patent

(29)0€eq

(ge9)doeq

N

(4129
129

(92¢29)2ca

(8229 (g129)
229 |1z9

Gmemm

(Veq)
voeq

(Vied)
129

(961

JE
.:Nn

1€9

(Vez9)eea

48t OId



US 9,484,135 B2

Sheet 58 of 86

Nov. 1, 2016

U.S. Patent

(290eq
)

(ded)aoeq

N

\

(vZa) (v1z9)
(grzq) (9229 (arzq)  (€2D v0ed 129  0z9
129 WA 129 Mg (V2z2z29
I NN SN I M AR NI R 77 77/ T ST AT
<z T T T T <z ;
\ / (59)2€9 X ( /
| (@eeazzd 9592y { OSDIY  (gqypq (VE2DTL

/

Z
48% Ol4



US 9,484,135 B2

Sheet 59 of 86

Nov. 1, 2016

U.S. Patent

(deq)gaoeq
(¢9)0eq N

)
\

(g129) (V29) (V129)
@229 9 (gzzqy @120 @D (yzzq) VORd 129 0zq (VE2d)

229 \ 229 leq 99 "Zzq J > ﬁ ¢z
U W S A L) [

e T e e e
Iaaanaatae IRNI| ! N y . D
LK /

)

(G9)zed (Ga)Leq

(969)ed (989 1Y
08y Old



US 9,484,135 B2

Sheet 60 of 86

Nov. 1, 2016

U.S. Patent

viva

(8¢9)80¢€q

(¢noea N

049

ObPq Gpa orva
ANt (oY
A\ ) \H~vipa
(@ieq) (V29 (v129)
(8229) 129 (ggzqy (ALY @D (72 VOB 17q 07a (VE2d)
G8d 229 ‘ 229 99 724 J zz9 689
g 7 N \ 7 W =
%ﬂ/ﬂ/ﬂ\”\/ﬂ/ﬂf \@N ffff/ﬂ/fﬁffff PA
m N 1 / _ _/_ \ J (o S N
VAR (g9)zeq 54 (Ga)1eq Gvq 75
z (959)zY €D 1y (ggqyy A (€29 7
H8¥ "DId



US 9,484,135 B2

Sheet 61 of 86

Nov. 1, 2016

U.S. Patent

(9z9)go0¢eq
(29)0e9 N 059
) /
\
obbq
vag gvvq b hq ay4d w
\5: e \iaall <.vvn./ll AN
\ \
\ !
\ (a129) (veq) (V1iz9) \
\ (9229) 129 (8129 (Z29) voeq 129 \
| asa zea @eed  1za Tyq (VECD J \/og (V2D ggq )
\ \
,~::V:::~ RI::A:: A \ $ { \ \/
x/ \ i N \
Z L L
89 1 v (gayzeq
! dgezd
— o8 A
99 999

I8y Ol



US 9,484,135 B2

Sheet 62 of 86

Nov. 1, 2016

U.S. Patent

(929)d0¢€q
(29)0eq 0\2
! |
\
Ovra
£8)744¢ gvvq ay+q
L p9 py9 — )
‘\ ,.\- <.V.VQ <.V.VQ ff:./
\
\ (g129) (V2d) (Vizd)
\ (a2za) 1ed (aLed)  (zza) vogq
\ caq 274 (€229 |29 oq  (Vzza) ed 029 (V22D g
\ 229 ( J >
» ,NZZVI:ZZL:::::Z:A_:: ﬁ
§ =~ ) o ] e
N /A’/ﬂ“ﬂﬂ/ﬂ/?f’ /fﬂ%/l!h/ﬂ/l% N
2/ / Pl \Vd
am% { [ { \ A
(g9)zeq Gvq (G9)Leq A Sbq d¢cq Ghq
¥29)9ra (959)2Y (€29) (959 1Y (€29) (Veed)

gy "Old



US 9,484,135 B2

Sheet 63 of 86

Nov. 1, 2016

U.S. Patent

(929)g0¢9
(29)oeq N
)
\
OPba
orhg gy
/ Al g pbq — )
\.:: |~ V4 <¢¢n_/|, Ty,
” (@129 (a129) (V129)  (V129) \
” @ P @@ vz fis ”
\ (9229) (VZz9) \
A N Y\ R I o ) \N \/
x \ T j
y4 % \x . / Q\ Z
deed ga)zeq £q dgzg v
059 529 &) A @Died - ooq (€29) ¢pq 059
(0sMzd  (¥29)9pq (959) 1y (vezq)
| J _ ) q | [
{ { {
299 199 294 199 299
M8Y 'DId



US 9,484,135 B2

Sheet 64 of 86

Nov. 1, 2016

U.S. Patent

(929)90¢9
(¢Poea N
|
(029) v
19)724¢ avvq a9
i bq b9 — )
=~ Vb VIPa~_ st
U (@z9)  (g1z9) (@1z9) (Vizgd)  (VI2D (gzq) |
N—OpPq 129 129 Leq 29 5ppq—~N
\ (229) eeq \
N AMNNQV AmNNQV A<NNQV \
| gga o0 224 %9 vea zzq 0za | (V62D ggq |
WA A e Al LT\
\PARe S S R\ R N ) SV \SUNE IS T 5 N SN, )
Al i 2R =35

L&
§o9s

DA —1 , SO

059 AT Tmewz A fae:z \ \ = aa\ L
d¢eq mmn/ (959)2y zmopa  (OSDIY A mm\n azzq €D o

v T T g (vE2)

18¥ "OlId



US 9,484,135 B2

Sheet 65 of 86

Nov. 1, 2016

U.S. Patent

(029) (aza)
(929)90¢q
ovva #W@ Umn (29)0¢e9 va o6q Y79 0¥vq

J N !

Vb \ J Vira ~

(@z9) (a129) - (vigg)  (OeNOPYI~

O¥¥9 129 vZq 129 (V129)
(a129) (d229)
ggq (8229 1zq 229 (¢e9) voeq (Veed) 0zq (Vezd) 189 gaq
@i 99 44 2 ﬂ
/AN IS VS U N O A S A
S 7% WA et
/ X

e RSSO ST WSS SIS SIS \ ,,,,,,,,,,,,,,,,,,,,,,,,, -\

L / ,,,,,,,,,,,,, S e # M/, S
19 dzza 1; Geq (a9)zeq / A | @miea | dzza mi 6za\ &bq
| veq (959)zy (Y2999 (959) 1Y €9 223
\ | A 1 |
[ zq e8q 6ed G ged 989 £2
L9 (€29)
W8V DId



U.S. Patent Nov. 1, 2016 Sheet 66 of 86 US 9,484,135 B2

FIG. 49 b43 L 42
e b42
b43 \
= 7
b42B
b43/ J
b42B 943
p,
b43
YA \
b42A b41
FIG. 50 bf(bb’) bjz(bs)
RA l—'l Rs
§ TCRA I-sj TCRB g
b3(b22P) b6 b4(b22P)
FIG. 51 b31(b5) b32(b5)
RA % Ra RB % Rb

/

)

b3(b22P) b6 b4(b22P)

/

TCRA TCRA TCRB TCRB




U.S. Patent Nov. 1, 2016 Sheet 67 of 86 US 9,484,135 B2

FIG. 52

Remove organic
S
substances

S2 { Remove oxide film

S3 Zincate

S4 | Remove surface

SH Plate with Ni

S6 Plate with Pd

S7 Plate with Au

S8 Dry




U.S. Patent Nov. 1, 2016 Sheet 68 of 86 US 9,484,135 B2

FIG. 53 b5 20

— b100
b209 1~ b9A /
.............. /
b222 — b9
212~ !—'_ﬂ@m b223
} [] ] D—i}: —
= | b213
—— S b2t |
b233 < ] B =y ;
' I L - |
b236 —-—1—~ b234é%53 _—b21 (b215
220+~ 1 IS e
= i I
b235 4=F———1F ] | Dm%%zm
[—— - 1 | (=
6229 —{—— j@ | b2 T {26
b216 -1 5 |
JEaran] J .
bzzss\_EZEE :
b231é/ﬂ‘:p__5 1
n[vuiw [}
b219 /"1 ! | pots
|| b230 ||
b232 —{——~ L2




US 9,484,135 B2

Sheet 69 of 86

Nov. 1, 2016

U.S. Patent

FIG. 55

W=0.15mm

c82

cd

(a)

c2E—"]

c11~—"

(b)

cl1—
c2C~—

cl13

/ 1
c85

c2A

[
)
c9




US 9,484,135 B2

Sheet 70 of 86

Nov. 1, 2016

U.S. Patent

4T

€0

96 Ol



US 9,484,135 B2

Sheet 71 of 86

Nov. 1, 2016

U.S. Patent

m

(V129)

TFNO

(V129)
<20

(V129)

<—|¢°

(V129)
(YA

VLG "Old4



U.S. Patent Nov. 1, 2016 Sheet 72 of 86 US 9,484,135 B2

™ ,—2 o
< —
N
o —7]
<
— 9
YW 9
\
(v
p
71
o |
8 N
D:/I
N
o —
<
S
o | ML 12
LO o — [¢]
. O
g LNl ]
L



U.S. Patent Nov. 1, 2016 Sheet 73 of 86 US 9,484,135 B2

FIG. 57C
c22 c22 cd
i | ]
A \ /e
c23
RIS g l y\/ﬂ
NS 1 N c21
{ c20

~——— T — ]

/
c21 c21



U.S. Patent Nov. 1, 2016 Sheet 74 of 86 US 9,484,135 B2

(c21A)

(c¢)




US 9,484,135 B2

Sheet 75 of 86

Nov. 1, 2016

U.S. Patent

FAS]

022~

12—~

¢eo

o

el 09

o

s
B
»
3
»
s

)
)

T T .

(2eo)d

7

(¢eo)
— d
£o
—~ X
(e)
6G Old



U.S. Patent Nov. 1, 2016 Sheet 76 of 86 US 9,484,135 B2

c4
N
R/8 R/16 R/32

F

F
R2

R/4

R/2

F
R1

F
R32 R32 R16 R8 R4

R64

FIG. 60
RS

0‘3



US 9,484,135 B2

Sheet 77 of 86

Nov. 1, 2016

U.S. Patent

FIG. 61

32r

R32

128r




U.S. Patent

FIG. 62

Nov. 1, 2016

Sheet 78 of 86

US 9,484,135 B2

c3

R2"

R2 R4

R1



U.S. Patent Nov. 1, 2016 Sheet 79 of 86 US 9,484,135 B2

FIG. 63
c3 34 c34 cd

c
c22A\ ¢35 c24 \035 c22A
l \ 0/25 o5 \ R(c56) 02\5 ‘ \ J

I inor MY ey

c23A ol S TSNNSO SN OSSN W 4~ c23A
AR
c21 %97 [ c20 021 22 2A 21 \°© \
(c21A) ¢33 (c21A) (c21A) ¢33 \
c2C :
' { y N™~c2D
c85 ) j c85
690 c2  c2B ¢90



U.S. Patent Nov. 1, 2016 Sheet 80 of 86 US 9,484,135 B2

FIG. 64A R(c56)

{
1 c30(c2)
c30B(c2B)
FIG. 64B
7 R(c56) 49 Z
c42 cdl c45 k 5 ¢
/] I S

{ . < <
NRREEENSE RN

R\ b8 ) \ [ ) Vo N
c85 ¢22 S ; \ c22 J c22 ¢85

c20 c21  ¢30A c21
(c2A)
\ [ [\~ ca4p c44A f\ [
\/\0448 c44 c44{c44B,_J V
c44C c44C
c44A c44A
/ 1 {
c50 c30(c2)

c30B(c2B)



U.S. Patent Nov. 1, 2016 Sheet 81 of 86 US 9,484,135 B2

FIG. 64C 70 oge rey o6 ©T0
c65 | c65 ! c65
025} c22A Z‘ RE: bczz { 25
S::/:J S — ts
L Y i c45(c23)
c45 |
M 7 (, 777N \ZZ
c22 c22 22 ¢85
085 620 21 o30A cee ¢
c21
(c2A)

\\ / [ ™\ c44A 44A f\ [
v \0443}"44 C44{Z44B’J V
c44C ¢ c44C

\
/ 1 {
cb0 ¢30(c2)
c30B(c2B)
FIG. 64D
(c23A) (c23) Y  R(c56)  ca6(c24)
o4 o0a c‘f5 °/5 / c22A
1 |
ANV 4 )4 l X Z
Z Zﬂf\\\i\\\\\\\\W\\\\\\\x\/\\_\\\>>\ Z
\/ B\ . . i ¥ i\ \/
VYN ) S NZ | S
N} c85 c22 022 22 ¢85 ) N
\ \ c20 c21  c30A \ \
N N c21 \ \
: : (CZA) N \
NN
N N \
/ "‘QCMA} 44 44{°44A 7} T
C C
44B
c44C c44B ¢ c44C
\
/ 1 \
c50 c30(c2)

c30B(c2B)



U.S. Patent Nov. 1, 2016 Sheet 82 of 86 US 9,484,135 B2

FIG. 64E
c62 c61 c62 c61 c62
N 4 — "
(c23)
(c23A) c45 R(c56) c46(c24)
A5, 025 k T o5 / 025 pon
|
|
O [ (Rt
> ) \l ,,,,:f\,,,,,,:,,,,:,,,.,,,,(,,,,,,,/,,),,,,\L, \/F
I LA NG U M IS W
\ c85 ¢22 c22 c22 ¢85 N \
: c20 c21  ¢30A 21 : \
\ (c2A) \ :
N \
\ N A
Meeeel ™ c44A c44A ~ Mool
/ c44 c44 \
c44C P c44B 440G
\
/ 1 \
c50 c30(c2)
¢30B(c2B)
FIG. 64F
c46(c24) 4
¢34 €
T c23n) 000 R(c86)/ g \035 CZIZA =
45 cs [ 2 ==
\
z . T Z
Ny x A AN A, 252, BYIRNAN I VN 1~ \/r
) \/ K ;) ( b /NN
N N 2 o o5 N\
t : 020G33 c21  ¢30A (621A) c33 \ \
N \ (c21A) (c2A) c44C :
N ) -e44C(e20) (c2D) \
)
‘‘‘‘ N - c44A c44A
44 44
c4z/10 —ous “ 448 c>l4C
(c2D) (c2C)
1 {
c30(c2)

c30B(c2B)



U.S. Patent Nov. 1, 2016 Sheet 83 of 86 US 9,484,135 B2

FIG. 64G
(c23) 71
035 ©33 45 czlta(c24> c35 o33 c72 °© )
\ [ \
o1 (c23A) c34 cl R(c56) \c34 I i
| 45 o2 )cs c22A Y\ )c5 25 \04 c22A |
i \ \ \ | \ | \ \ | |
Z

N
\
\T
N \ :
\ I c20 c21  G30A 1 \
| \otace20)  (621A) (c2A) 218 Co8 \
\ \ ¢ \
N [~ c44A \ c44A /? "\
c44C cd4 c90 C:}OB(CZB) 030(02) c90 c44 c44C



U.S. Patent Nov. 1, 2016 Sheet 84 of 86 US 9,484,135 B2

FIG. 65

Sputter while controlling
St oxygen flow rate
(Formation of resistive film)

Sputter
S2 (Formation of
interconnection film)

Etch resistive film and

S3 interconnection film

S4 | Etch interconnection film

FIG. 66
500

400

300

200

100

-100
-200

=300

RESISTANCE TEMPERATURE
COEFFICIENT (ppm/°C)
o

-400

—500 T T T
0 5 10 15 20

OXYGEN FLOW RATE
(sccm)



U.S. Patent Nov. 1, 2016 Sheet 85 of 86 US 9,484,135 B2

FIG. 67
c43 c42A
“——c42
c43 \
P /1
c42B /
c43
c42B c43
4
c43 (
i \
c42A e
FIG. 68
311 Remove organic
substances

S12 | Remove oxide film

S13 Zincate

S14 | Remove surface

S15 Plate with Ni

S16 Plate with Pd

St17 Plate with Au

S18 Dry




U.S. Patent Nov. 1, 2016 Sheet 86 of 86 US 9,484,135 B2

FIG. 69 205 c201

FIG. 70
/\_M 0100
c209 4~ cOA /
___________ J
[ o9
c222 ¢
c212~__ 1 a 0!
| oOonoores
|CH H—t—c213
— =D c221 |
233~ — | =
| = - |
c236\--/\i 0234é%5 _—c214 '(0215
220+~ 17 e s
|/-E] ! "= '
0235 4= | =
=F—— It ! c224
= ==
- . 0225 [
c229—]—~ | ¢227 || ¢ =L _f—-—c226

o216~ | hhthy,
0228 s@_i T
0231 é@

|
62194 : 1218
€232 —{——~ L—— J ]




US 9,484,135 B2

1
CHIP COMPONENT AND METHOD OF
PRODUCING THE SAME

TECHNICAL FIELD

The present invention relates to a discrete chip component
such as a chip resistor, a chip capacitor, a chip inductor or
a chip diode, and a method of producing the same.

BACKGROUND ART

A chip resistor as an exemplary prior-art chip component,
for example, includes an insulative substrate such as of
ceramic, a resistive film formed by screen-printing a mate-
rial paste on a surface of the insulative substrate, and an
electrode connected to the resistive film. In order to adjust
the resistance of the chip resistor at a target resistance value,
a trimming trench is carved in the resistive film by applying
a laser beam to the resistive film through laser trimming (see
PTL1).

Another exemplary prior-art chip resistor is disclosed in
PTL2. The disclosed chip resistor is configured such that a
pair of electrodes are provided in spaced relation on a lower
surface of a chip-shaped resistor made of a metal. The
resistance of the chip resistor cannot be adjusted at a desired
resistance value.

CITATION LIST
Patent Literature

PTL1: JP2001-76912A1
PTL2: JP2004-186541A1

SUMMARY OF INVENTION
Technical Problem

Since the resistance of the prior-art chip resistor is
adjusted at the target resistance value through the laser
trimming, the chip resistor cannot be adapted for a wide
range of resistance. With a trend toward progressive size
reduction of the chip resistor, therefore, the limitation of the
area of the resistive film makes it difficult to impart the chip
resistor with a higher resistance even if an attempt is made
to develop a higher-resistance chip resistor. Without
improvement in shape and dimensional accuracy, the chip
resistor is susceptible to transportation error and other
trouble when being mounted on a mount substrate. There-
fore, the improvement in shape and dimensional accuracy
and improvement in micro-processing accuracy are impor-
tant issues for the production of the chip resistor.

These are also important issues to be solved for a chip
capacitor, a chip inductor, a chip diode and other types of
chip components. In view of the foregoing, it is a principal
object of the present invention to provide a highly-reliable
and small-size chip component having an accurate charac-
teristic value. It is another object of the present invention to
provide a method of producing a highly-reliable and small-
size chip component having an accurate characteristic value.

Solution to Problem

According to an inventive aspect of claim 1, there is
provided a chip component which includes a substrate, a
plurality of functional elements each having an aluminum-
containing interconnection film portion provided on the
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substrate, an electrode provided on the substrate, and a
plurality of fuses each having an aluminum-containing inter-
connection film portion integral with the aluminum-contain-
ing interconnection film portion of the functional element
and disconnectably connecting the functional element to the
electrode. According to an inventive aspect of claim 2, the
functional elements each include a resistor element having a
resistive film portion provided on the substrate, and an
aluminum-containing interconnection film portion provided
in contact with the resistive film portion, and the chip
component of claim 1 is a chip resistor.

According to an inventive aspect of claim 3, the func-
tional elements each include a capacitor element having a
capacitive film portion provided on the substrate, and an
aluminum-containing interconnection film portion con-
nected to the capacitive film portion, and the chip compo-
nent of claim 1 is a chip capacitor. According to an inventive
aspect of claim 4, the functional elements each include a coil
element having a coil formation film portion provided on the
substrate, and an aluminum-containing interconnection film
portion connected to the coil formation film portion, and the
chip component of claim 1 is a chip inductor.

According to an inventive aspect of claim 5, the func-
tional elements each include a unidirectionally conductive
element having a junction structure provided on the sub-
strate, and an aluminum-containing interconnection film
portion connected to the junction structure, and the chip
component of claim 1 is a chip diode. According to an
inventive aspect of claim 6, the chip component of any one
of claims 1 to 5 further includes an electrode pad having an
aluminum-containing interconnection film portion integral
with the aluminum-containing interconnection film portions
of the fuses, and the electrode contacts the electrode pad.

According to an inventive aspect of claim 7, at least one
of the fuses is disconnected, and the chip component of any
one of claims 1 to 6 further includes an insulative protective
film provided on the substrate as covering a disconnected
portion of the disconnected fuse. According to an inventive
aspect of claim 8, there is provided a chip component
production method, which includes the steps of: forming a
functional element on a substrate; forming an aluminum-
containing interconnection film in contact with the func-
tional element; patterning the functional element and the
aluminum-containing interconnection film to form a plural-
ity of functional elements each including a functional ele-
ment portion and an aluminum-containing interconnection
film portion and a plurality of fuses each including an
aluminum-containing interconnection film portion and
respectively disconnectably connected to the functional ele-
ments; and forming an electrode on the substrate so as to
electrically connect the electrode to the fuses.

According to an inventive aspect of claim 9, an electrode
pad is formed from the aluminum-containing interconnec-
tion film in contact with the electrode in the step of pattern-
ing the functional element and the aluminum-containing
interconnection film in the chip component production
method of claim 8. According to an inventive aspect of claim
10, the step of forming the functional element includes the
step of forming a resistive film in the chip component
production method of claim 8 or 9.

According to an inventive aspect of claim 11, the chip
component production method of any one of claims 8, 9 and
10 further includes the steps of measuring an overall resis-
tance value of the chip component, selecting a to-be-dis-
connected fuse based on the measured overall resistance
value, and disconnecting the selected fuse. According to an
inventive aspect of claim 12, the chip component production
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method of claim 11 further includes the step of performing
a heat treatment for stabilizing characteristic properties of
the functional elements before the measurement of the
overall resistance value of the chip component.

According to an inventive aspect of claim 13, the chip
component production method of claim 11 or 12 further
includes the step of forming an insulative protective film on
the substrate to cover a disconnected portion of the discon-
nected fuse. According to an inventive aspect of claim 14,
there is provided a chip resistor production method, which
includes the steps of: forming a resistive film on a substrate
having a plurality of chip resistor regions; forming an
aluminum-containing interconnection film in contact with
the resistive film; patterning the resistive film and the
aluminum-containing interconnection film to form a plural-
ity of resistor elements each including a resistive film
portion and an aluminum-containing interconnection film
portion and a plurality of fuses each having an aluminum-
containing interconnection film portion and disconnectably
connected to the resistor elements in each of the chip resistor
regions; simultaneously measuring overall resistance values
in the respective chip resistor regions by a multi-probing
method; selecting a to-be-disconnected fuse in each of the
chip resistor regions based on the results of the measurement
of the overall resistance values; disconnecting the selected
fuse; forming an electrode in each of the chip resistor
regions so as to electrically connect the electrode to the
fuses; and cutting the substrate along a boundary region
defined between the chip resistor regions to divide the
substrate into a plurality of chip resistors.

According to an inventive aspect of claim 15, the chip
resistor production method further includes the step of
simultaneously measuring overall resistance values in the
respective chip resistor regions by a multi-probing method
after the fuse disconnecting step in the chip resistor produc-
tion method of claim 14. According to an inventive aspect of
claim 16, an electrode pad is formed from the aluminum-
containing interconnection film in the step of patterning the
resistive film and the aluminum-containing interconnection
film, and the electrode is formed in contact with the elec-
trode pad in the chip resistor production method of claim 14
or 15.

According to an inventive aspect of claim 17, the chip
resistor production method of any one of claims 14 to 16
further includes the step of performing a heat treatment for
stabilizing characteristic properties of the resistor elements
before the measurement of the overall resistance values in
the respective chip resistor regions. According to an inven-
tive aspect of claim 18, the chip resistor production method
of any one of claims 14 to 17 further includes the step of
forming an insulative film on the substrate to cover a
disconnected portion of the disconnected fuse.

Advantageous Effects of Invention

According to the inventive aspect of claim 1, the chip
component includes the plurality of fuses for connecting the
respective functional elements to the electrode, and the
characteristic property of the chip component is adjusted at
the desired level by disconnecting desired ones of the fuses.
Therefore, the chip component can be customized based on
the same design concept so as to have any of various levels
of the characteristic property. The fuses are formed from the
aluminum-containing interconnection film. Therefore, the
fuses can be formed in a minute layout pattern, and the
processing accuracy can be improved in the disconnecting
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step. Further, the inventive chip component can be discretely
produced by utilizing a semiconductor device production
apparatus and facility.

According to the inventive aspect of claim 2, 3, 4 or 5, the
chip resistor, the chip capacitor, the chip inductor or the chip
diode can be provided which has the advantageous effects
described above. According to the inventive aspect of claim
6, the electrode can be easily provided. Thus, the chip
component can be provided which includes the electrode
accurately provided on the minute substrate. Like the chip
component according to the inventive aspect of claim 1, the
chip component can be discretely produced by utilizing the
semiconductor device production apparatus and facility.

According to the inventive aspect of claim 7, the discon-
nected fuse is covered with the insulative protective film, so
that the chip component is improved in water resistance.
According to the inventive aspect of claim 8, the functional
elements and the fuses can be accurately formed in a fine
layout pattern. Thus, the chip component can be produced as
having a stable characteristic value. Further, the chip com-
ponent can be produced, which can be customized based on
the same design concept so as to have any of various levels
of the characteristic property.

According to the inventive aspect of claim 9, the smaller-
size chip component can be produced in which the electrode
is accurately located at a position defined by the patterning
of the electrode pad for easy mounting. According to the
inventive aspect of claim 10, the functional elements and the
fuses can be accurately formed in a fine layout pattern. Thus,
the chip resistor can be produced as having a stable char-
acteristic value. Further, the chip resistor can be produced,
which can be customized based on the same design concept
so as to have any of various levels of the characteristic
property.

According to the inventive aspect of claim 11, the fuse can
be reliably disconnected, so that the chip component can be
produced as having an accurate resistance value. According
to the inventive aspect of claim 12, the characteristic prop-
erty of the resistor elements can be stabilized, so that the
chip component having a stable resistance value can be
provided. According to the inventive aspect of claim 13, the
chip component production method is provided which
improves the water resistance and the reliability of the chip
component.

According to the inventive aspect of claim 14, a highly
efficient production method is provided which can produce
a multiplicity of discrete chip resistors by utilizing a semi-
conductor device production apparatus and facility. Further,
the chip resistors thus produced each have an accurate
resistance value. According to the inventive aspect of claim
15, the resistance values are measured again after the fuse
disconnecting step. Therefore, the disconnection of the fuses
can be reliably achieved, so that the chip resistors thus
produced are improved in the reliability of the resistance
value.

According to the inventive aspect of claim 16, the chip
resistor production method is provided which ensures proper
formation of the external connection electrode. According to
the inventive aspect of claim 17, the resistance characteris-
tics of the chip resistors can be stabilized. Thus, the chip
resistors can be produced which each have a smaller size and
an accurate resistance value. According to the inventive
aspect of claim 18, the production method can eliminate a
problem associated with debris which may otherwise occur
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when the fuses are disconnected. Further, the chip resistors
can be produced which are improved in water resistance.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(A) is a schematic perspective view showing the
appearance of a chip resistor 10 according to one embodi-
ment of the present invention, and FIG. 1(B) is a side view
of the chip resistor 10, which is mounted on a substrate.

FIG. 2 is a plan view of the chip resistor 10, showing the
layout of a first connection electrode 12, a second connec-
tion electrode 13 and a resistor circuit network 14, and the
configuration of the resistor circuit network 14 as viewed in
plan.

FIG. 3A is a plan view illustrating a part of the resistor
circuit network 14 shown in FIG. 2 on an enlarged scale.

FIG. 3B is a longitudinal vertical sectional view for
explaining the structure of resistor bodies R of the resistor
circuit network 14.

FIG. 3C is a widthwise vertical sectional view for explain-
ing the structure of the resistor bodies R of the resistor
circuit network 14.

FIG. 4 are diagrams showing the electrical characteristic
features of a resistive film line 20 and a conductor film 21
by way of circuit symbols and electric circuit diagrams.

FIG. 5(A) is an enlarged partial plan view illustrating a
region of the chip resistor including fuse films F shown in a
part of the plan view of FIG. 2 on an enlarged scale, and FIG.
5(B) is a diagram showing a sectional structure taken along
a line B-B in FIG. 5(A).

FIG. 6 is a schematic diagram showing the layout of
connection conductor films C and fuse films F which con-
nect plural types of resistor units in the resistor circuit
network 14 shown in FIG. 2, and the connection of the plural
types of resistor units to the connection conductor films C
and the fuse films F.

FIG. 7 is an electric circuit diagram of the resistor circuit
network 14.

FIG. 8 is a plan view of a chip resistor 30, showing the
layout of a first connection electrode 12, a second connec-
tion electrode 13 and a resistor circuit network 14, and the
configuration of the resistor circuit network 14 as viewed in
plan.

FIG. 9 is a schematic diagram showing the layout of a
connection conductor film C and fuse films F which connect
plural types of resistor units in the resistor circuit network 14
shown in FIG. 8, and the connection of the plural types of
resistor units to the connection conductor film C and the fuse
films F.

FIG. 10 is an electric circuit diagram of the resistor circuit
network 14.

FIGS. 11(A) and 11(B) are electric circuit diagrams
showing a modification of the electric circuit shown in FIG.
10.

FIG. 12 is an electric circuit diagram of a resistor circuit
network 14 according to another embodiment of the present
invention.

FIG. 13 is an electric circuit diagram showing an exem-
plary configuration of a resistor circuit network of the chip
resistor with specific resistance values.

FIG. 14 are schematic plan views for explaining the
structure of a major portion of a chip resistor 90 according
to further another embodiment of the present invention.

FIG. 15 is a flow diagram showing an exemplary produc-
tion process for the chip resistor 10.
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FIG. 16 are schematic sectional views showing the step of
fusing off a fuse film F, and a passivation film 22 and a resin
film 23 to be formed after the fusing-off step.

FIG. 17 are schematic diagrams showing the step of
separating individual chip resistors from a semiconductor
wafer.

FIG. 18 is schematic diagram for explaining how to
separate the chip resistors from the semiconductor wafer
(silicon wafer).

FIG. 19(A) is a schematic perspective view showing the
appearance of a chip resistor al0 according to an example of
a first reference embodiment, and FIG. 19(B) is a side view
of the chip resistor al0, which is mounted on a substrate.

FIG. 20 is a plan view of the chip resistor al0, showing
the layout of a first connection electrode al2, a second
connection electrode al3 and a resistor circuit network al4,
and the configuration of the resistor circuit network al4 as
viewed in plan.

FIG. 21A is a plan view illustrating a part of the resistor
circuit network al4 shown in FIG. 20 on an enlarged scale.

FIG. 21B is a longitudinal vertical sectional view for
explaining the structure of resistor bodies R in the resistor
circuit network al4.

FIG. 21C is a widthwise vertical sectional view for
explaining the structure of the resistor bodies R in the
resistor circuit network al4.

FIG. 22 are diagrams showing the electrical characteristic
features of a resistive film line a20 and a conductor film a21
by way of circuit symbols and electric circuit diagrams.

FIG. 23(A) is an enlarged partial plan view illustrating a
region of the chip resistor including fuse films F shown in a
part of the plan view of FIG. 20 on an enlarged scale, and
FIG. 23(B) is a diagram showing a sectional structure taken
along a line B-B in FIG. 23(A).

FIG. 24 is a schematic diagram showing the layout of
connection conductor films C and fuse films F which con-
nect plural types of resistor units in the resistor circuit
network al4 shown in FIG. 20, and the connection of the
plural types of resistor units connected via the connection
conductor films C and the fuse films F.

FIG. 25 is an electric circuit diagram of the resistor circuit
network al4.

FIG. 26 is a plan view of a chip resistor a30, showing the
layout of a first connection electrode al2, a second connec-
tion electrode al3 and a resistor circuit network al4, and the
configuration of the resistor circuit network al4 as viewed in
plan.

FIG. 27 is a schematic diagram showing the layout of a
connection conductor film C and fuse films F which connect
plural types of resistor units in the resistor circuit network
al4 shown in FIG. 26, and the connection of the plural types
of resistor units connected via the connection conductor film
C and the fuse films F.

FIG. 28 is an electric circuit diagram of the resistor circuit
network al4.

FIGS. 29(A) and 29(B) are eclectric circuit diagrams
showing a modification of the electric circuit shown in FIG.
28.

FIG. 30 is an electric circuit diagram of a resistor circuit
network al4 according to another example of the first
reference embodiment.

FIG. 31 is an electric circuit diagram showing an exem-
plary configuration of a resistor circuit network of the chip
resistor with specific resistance values.
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FIG. 32 are schematic plan views for explaining the
structure of a major portion of a chip resistor a90 according
to further another example of the first reference embodi-
ment.

FIG. 33 is a flow diagram showing an exemplary produc-
tion process for the chip resistor al0.

FIG. 34 are schematic sectional views showing the step of
fusing off a fuse film F, and a passivation film a22 and a resin
film a23 to be formed after the fusing-off step.

FIG. 35 are schematic diagrams showing the step of
separating individual chip resistors from a substrate.

FIG. 36 is schematic diagram for explaining how to
separate the chip resistors from the substrate.

FIG. 37 is a perspective view showing the appearance of
a smartphone as an exemplary electronic device which
employs the chip resistor according to the first reference
embodiment.

FIG. 38 is a schematic plan view showing the configu-
ration of an electronic circuit assembly a210 accommodated
in a housing a202.

FIG. 39(a) is a schematic perspective view for explaining
the construction of a chip resistor according to an example
of a second reference embodiment, and FIG. 39(5) is a
schematic sectional view of a circuit assembly taken longi-
tudinally of the chip resistor, which is mounted on a circuit
substrate.

FIG. 40 is a plan view of the chip resistor showing the
layout of a first electrode, a second electrode and a device
portion, and the structure of the device portion as viewed in
plan.

FIG. 41A is a plan view illustrating a part of the device
portion shown in FIG. 40 on an enlarged scale.

FIG. 41B is a longitudinal vertical sectional view taken
along a line B-B in FIG. 41 A for explaining the structure of
resistor bodies of the device portion.

FIG. 41C is a widthwise vertical sectional view taken
along a line C-C in FIG. 41A for explaining the structure of
the resistor bodies of the device portion.

FIG. 42 are diagrams showing the electrical characteristic
features of a resistive film line and an interconnection film
by way of circuit symbols and electric circuit diagrams.

FIG. 43(a) is an enlarged partial plan view illustrating a
region of the chip resistor including fuses shown in a part of
the plan view of FIG. 40 on an enlarged scale, and FIG.
43(b) is a diagram showing a sectional structure taken along
a line B-B in FIG. 43(a).

FIG. 44 is an electric circuit diagram of the device portion
according to the example of the second reference embodi-
ment.

FIG. 45 is an electric circuit diagram of a device portion
according to another example of the second reference
embodiment.

FIG. 46 is an electric circuit diagram of a device portion
according to further another example of the second reference
embodiment.

FIG. 47 is a schematic sectional view of the chip resistor.

FIG. 48A is a schematic sectional view showing a pro-
duction method for the chip resistor shown in FIG. 47.

FIG. 48B is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48A.

FIG. 48C is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48B.

FIG. 48D is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48C.

FIG. 48E is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48D.
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FIG. 48F is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48E.

FIG. 48G is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48F.

FIG. 48H is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48G.

FIG. 481 is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48H.

FIG. 48] is a schematic sectional view showing a process
step subsequent to that shown in FIG. 481.

FIG. 48K is a schematic sectional view showing a process
step subsequent to that shown in FIG. 481.

FIG. 48L is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48K.

FIG. 48M is a schematic sectional view showing a process
step subsequent to that shown in FIG. 48L.

FIG. 49 is a schematic plan view showing a part of a resist
pattern to be used for forming a trench in the step of FIG.
48H.

FIG. 50 is an electric circuit diagram of the device portion
before trimming.

FIG. 51 is an electric circuit diagram of the device portion
after trimming.

FIG. 52 is a diagram for explaining a process for produc-
ing the first electrode and the second electrode.

FIG. 53 is a perspective view showing the appearance of
a smartphone as an exemplary electronic device which
employs the chip resistor according to the second reference
embodiment.

FIG. 54 is a schematic plan view showing the configu-
ration of a circuit assembly accommodated in a housing of
the smartphone.

FIG. 55(a) is a schematic perspective view for explaining
the construction of a chip resistor according to an example
of a third reference embodiment, and FIG. 55(b) is a
schematic sectional view of a circuit assembly taken longi-
tudinally of the chip resistor, which is mounted on a mount
substrate.

FIG. 56 is a plan view of the chip resistor showing the
layout of a first connection electrode, a second connection
electrode and a device portion, and the structure of the
device portion as viewed in plan.

FIG. 57A is a plan view illustrating a part of the device
portion shown in FIG. 56 on an enlarged scale.

FIG. 57B is a longitudinal vertical sectional view taken
along a line B-B in FIG. 57A for explaining the structure of
resistor bodies of the device portion.

FIG. 57C is a widthwise vertical sectional view taken
along a line C-C in FIG. 57A for explaining the structure of
the resistor bodies of the device portion.

FIG. 58 are diagrams showing the electrical characteristic
features of a resistive film line and an interconnection film
by way of circuit symbols and electric circuit diagrams.

FIG. 59(a) is an enlarged partial plan view illustrating a
region of the chip resistor including fuses shown in a part of
the plan view of FIG. 56 on an enlarged scale, and FIG.
59(b) is a diagram showing a sectional structure taken along
a line B-B in FIG. 59(a).

FIG. 60 is an electric circuit diagram of the device portion
according to the example of the third reference embodiment.

FIG. 61 is an electric circuit diagram of a device portion
according to another example of the third reference embodi-
ment.

FIG. 62 is an electric circuit diagram of a device portion
according to further another example of the third reference
embodiment.

FIG. 63 is a schematic sectional view of the chip resistor.
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FIG. 64A is a schematic sectional view showing a pro-
duction method for the chip resistor shown in FIG. 63.

FIG. 64B is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64A.

FIG. 64C is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64B.

FIG. 64D is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64C.

FIG. 64E is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64D.

FIG. 64F is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64E.

FIG. 64G is a schematic sectional view showing a process
step subsequent to that shown in FIG. 64F.

FIG. 65 is a diagram for explaining a device portion
production process.

FIG. 66 is a graph showing a relationship between the
flow rate of oxygen used in a sputtering step of the device
portion production process and the resistance temperature
coeflicient of a completed resistive film.

FIG. 67 is a schematic plan view showing a part of a resist
pattern to be used for forming a trench in the step of FIG.
64B.

FIG. 68 is a diagram for explaining a process for produc-
ing the first connection electrode and the second connection
electrode.

FIG. 69 is a perspective view showing the appearance of
a smartphone as an exemplary electronic device which
employs the chip resistor according to the third reference
embodiment.

FIG. 70 is a schematic plan view showing the configu-
ration of a circuit assembly accommodated in a housing of
the smartphone.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will hereinafter be
described in detail with reference to the attached drawings.
In the following embodiment, a chip resistor will be spe-
cifically described as an exemplary chip component. FIG.
1(A) is a schematic perspective view showing the appear-
ance of the chip resistor 10 according to the embodiment of
the present invention, and FIG. 1(B) is a side view of the
chip resistor 10, which is mounted on a substrate.

Referring to FIG. 1(A), the chip resistor 10 according to
the embodiment of the present invention includes a first
connection electrode 12, a second connection electrode 13,
and a resistor circuit network 14 which are provided on a
substrate 11. The substrate 11 is a minute rectangular pris-
matic chip having a generally rectangular plan shape and, for
example, has a length L. of about 0.3 mm as measured
longitudinally thereof, a width W of about 0.15 mm as
measured widthwise thereof and a thickness T of about 0.1
mm. The substrate 11 may have rounded corners as seen in
plan. The substrate may be made of, for example, silicon,
glass, ceramic or the like. In the embodiment described
below, the substrate 11 is a silicon substrate by way of
example.

The chip resistor 10 is obtained by forming a multiplicity
of chip resistors 10 in a lattice form on a semiconductor
wafer (silicon wafer), and cutting the semiconductor wafer
(silicon wafer) into the individual chip resistors 10 as shown
in FIG. 18. The first connection electrode 12 is a rectangular
electrode provided on the silicon substrate 11 alongside one
shorter edge 111 of the silicon substrate 11 and elongated in
the direction of the shorter edge 111. The second connection
electrode 13 is a rectangular electrode provided on the
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silicon substrate 11 alongside the other shorter edge 112 of
the silicon substrate 11 and elongated in the direction of the
shorter edge 112. The resistor circuit network 14 is provided
on a middle region (a circuit formation surface or a device
formation surface) of the silicon substrate 11 between the
first connection electrode 12 and the second connection
electrode 13. One end of the resistor circuit network 14 is
electrically connected to the first connection electrode 12,
and the other end of the resistor circuit network 14 is
electrically connected to the second connection electrode 13.
The first connection electrode 12, the second connection
electrode 13 and the resistor circuit network 14 can be
provided on the silicon substrate 11 by a semiconductor
device production process. In other words, the chip resistor
10 can be discretely produced by utilizing an apparatus and
facility for producing a semiconductor device. Particularly,
the resistor circuit network 14 can be formed as having a
minute and precise layout pattern by utilizing a photolithog-
raphy process to be described later.

The first connection electrode 12 and the second connec-
tion electrode 13 each function as an external connection
electrode. With the chip resistor 10 mounted on a circuit
substrate 15, as shown in FIG. 1(B), the first connection
electrode 12 and the second connection electrode 13 are
electrically and mechanically connected to a circuit (not
shown) of the circuit substrate 15 by solder. The first
connection electrode 12 and the second connection electrode
13 each functioning as the external connection electrode are
desirably made of gold (Au) or surface-plated with gold for
improvement of solder wettability and for improvement of
reliability.

FIG. 2 is a plan view of the chip resistor 10, showing the
layout of the first connection electrode 12, the second
connection electrode 13 and the resistor circuit network 14,
and the configuration (layout pattern) of the resistor circuit
network 14 as viewed in plan. In the chip resistor 10,
referring to FIG. 2, the first connection electrode 12 has a
longer edge extending along the one shorter edge 111 of the
upper surface of the silicon substrate, and has a generally
rectangular shape as seen in plan. The second connection
electrode 13 has a longer edge extending along the other
shorter edge 112 of the upper surface of the silicon substrate,
and has a generally rectangular shape as seen in plan. The
resistor circuit network 14 is provided in the rectangular
region between the first connection electrode 12 and the
second connection electrode 13 as seen in plan.

The resistor circuit network 14 includes a multiplicity of
unit resistor bodies R arranged in a matrix array on the
silicon substrate 11 and each having the same resistance
value (in FIG. 2, the resistor circuit network 14 is configured
to include 352 unit resistor bodies R in total with 8 unit
resistor bodies R aligned in each row (longitudinally of the
silicon substrate) and with 44 unit resistor bodies R aligned
in each column (widthwise of the silicon substrate)). The
multiplicity of unit resistor bodies R are grouped into
predetermined numbers, and a predetermined number of unit
resistor bodies R (1 to 64 unit resistor bodies R) in each
group are electrically connected to one another (by portions
of an interconnection film made of an aluminum-containing
metal such as Al, AlSi, AlSiCu or AlCu), whereby plural
types of resistor circuits are formed according to the num-
bers of the connected unit resistor bodies R. The plural types
of resistor circuits thus formed are connected to one another
in a predetermined form via conductor films C (portions of
the interconnection film made of the aluminum-containing
metal such as Al, AlSi, AlSiCu or AlCu).
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Further, a plurality of fusible fuse films F (portions of the
interconnection film made of the aluminum-containing
metal such as Al, AlSi, AlSiCu or AlCu, and hereinafter
sometimes referred to simply as “fuses™) are provided for
electrically incorporating the resistor circuits into the resis-
tor circuit network 14 or electrically isolating the resistor
circuits from the resistor circuit network 14. The fuse films
F are arranged in a linear region alongside an inner edge of
the second connection electrode 13. More specifically, the
fuse films F and the connection conductor films C are
arranged in adjacent relation, and the arrangement direction
extends linearly.

FIG. 3A is a plan view illustrating a part of the resistor
circuit network 14 shown in FIG. 2 on an enlarged scale.
FIGS. 3B and 3C are a longitudinal vertical sectional view
and a widthwise vertical sectional view, respectively, for
explaining the structure of the unit resistor bodies R of the
resistor circuit network 14. Referring to FIGS. 3A, 3B and
3C, the structure of the unit resistor bodies R will be
described. An insulative layer (of SiO,) 19 is provided on
the upper surface of the silicon substrate 11 as a substrate,
and a resistive film 20 is provided on the insulative layer 19.
The resistive film 20 is made of TiN, TiON or TiSiON. The
resistive film 20 includes a plurality of resistive film portions
(hereinafter referred to as “resistive film lines™) linearly
extending parallel to each other between the first connection
electrode 12 and the second connection electrode 13. Some
of the resistive film lines 20 are cut at predetermined
positions with respect to a line extending direction. Con-
ductive film pieces 21 (e.g., aluminum film pieces) are
provided on the resistive film lines 20. The conductive film
pieces 21 are spaced a predetermined distance R in the line
extending direction on the resistive film lines 20.

In FIG. 4, the electrical characteristic features of the
resistive film lines 20 and the conductive film pieces 21 of
this arrangement are shown by way of circuit symbols. As
shown in FIG. 4(A), portions of each of the resistive film
lines 20 present between the conductive film pieces 21
spaced the predetermined distance R from one another each
serve as a single unit resistor body R having a predetermined
resistance value r. The conductive film pieces 21 cause short
circuit in regions of the resistive film lines 20 on which the
conductive film pieces 21 are provided. Thus, a resistor
circuit is provided, in which unit resistor bodies R each
having a resistance value r are connected in series as shown
in FIG. 4(B).

Further, adjacent resistive film lines 20 are connected to
each other by the resistive film lines 20 and the conductive
film pieces 21, so that a resistor circuit network shown in
FIG. 3 A constitutes a resistor circuit shown in FIG. 4(C). In
the schematic sectional views shown in FIGS. 3B and 3C,
the reference numeral 11 designates the silicon substrate,
and the reference numeral 19 designates the silicon dioxide
(Si0,) insulative layer. The reference numeral 20 designates
the resistive film of TiN, TiON or TiSiON provided on the
insulative layer 19, and the reference numeral 21 designates
an aluminum (Al) interconnection film. A reference numeral
22 designates an SiN protective film, and a reference
numeral 23 designates a polyimide protective layer. The
interconnection film 21 may be formed of an aluminum-
containing metal such as AlSi, AlSiCu or AlCu, rather than
formed of Al. By thus forming the interconnection film 21
(including the fuse films F) from the aluminum-containing
metal film, the processing accuracy can be improved.

A production process for the resistor circuit network 14
having the aforementioned structure will be detailed later. In
this embodiment, the unit resistor bodies R included in the
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resistor circuit network 14 provided on the silicon substrate
11 are constituted by the resistive film lines 20 and the
plurality of conductive film pieces 21 spaced the predeter-
mined distance from one another in the line extending
direction on the resistive film lines 20. Portions of the
resistive film lines 20 not provided with the conductive film
pieces 21 spaced the predetermined distance R from one
another each define a single unit resistor body R. The
portions of the resistive film lines 20 defining the unit
resistor bodies R each have the same shape and the same
size. Therefore, the multiplicity of unit resistor bodies R
arranged in the matrix array on the silicon substrate 11 have
the same resistance value. This is based on a characteristic
feature that resistive film portions formed on a substrate as
having the same shape and the same size have the same
resistance value.

The conductive film pieces 21 provided on the resistive
film lines 20 define the unit resistor bodies R, and also serve
as connection interconnection films for connecting the unit
resistor bodies R to one another to provide the resistor
circuits. FIG. 5(A) is an enlarged partial plan view illustrat-
ing a region of the chip resistor 10 including the fuse films
F shown in a part of the plan view of FIG. 2 on an enlarged
scale, and FIG. 5(B) is a diagram showing a sectional
structure taken along a line B-B in FIG. 5(A).

As shown in FIGS. 5(A) and 5(B), the fuse films F are
formed from the interconnection film 21 provided on the
resistive film 20. That is, the fuse films F are formed of
aluminum (Al), which is the same metal material as for the
conductive film pieces 21 provided on the resistive film lines
20 to define the unit resistor bodies R, and provided at the
same level as the conductive film pieces 21. As described
above, the conductive film pieces 21 serve as the connection
conductor films C for electrically connecting the plurality of
unit resistor bodies R to form the resistor circuits.

That is, interconnection film portions for defining the unit
resistor bodies R, connection interconnection film portions
for forming the resistor circuits, connection interconnection
film portions for forming the resistor circuit network 14, the
fuse films, interconnection film portions for connecting the
resistor circuit network 14 to the first connection electrode
12 and the second connection electrode 13 are provided at
the same level on the resistive film 20, and formed from the
same aluminum-containing metal material (e.g., aluminum)
by the same production process (e.g., a sputtering and
photolithography process). This simplifies the production
process for this chip resistor 10. These interconnection film
portions can be simultaneously formed by utilizing the same
mask. Further, the interconnection film portions can be
aligned with the resistive film 20 with higher alignment
accuracy.

FIG. 6 is a schematic diagram showing the layout of the
connection conductor films C and the fuse films F which
connect the plural types of resistor circuits in the resistor
circuit network 14 shown in FIG. 2, and the connection of
the plural types of resistor circuits to the connection con-
ductor films C and the fuse films F. Referring to FIG. 6, one
end of a reference resistor circuit R8 of the resistor circuit
network 14 is connected to the first connection electrode 12.
The reference resistor circuit R8 includes 8 unit resistor
bodies R connected in series, and the other end of the
reference resistor circuit R8 is connected to a fuse film F1.

A resistor circuit R64 including 64 unit resistor bodies R
connected in series is connected at its opposite ends to the
fuse film F1 and a connection conductor film C2. A resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to the connection
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conductor film C2 and a fuse film. F4. Another resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to the fuse film F4
and a connection conductor film CS.

A resistor circuit R16 including 16 unit resistor bodies R
connected in series is connected at its opposite ends to the
connection conductor film C5 and a fuse film F6. A resistor
circuit R8 including 8 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F7 and
a connection conductor film C9. A resistor circuit R4 includ-
ing 4 unit resistor bodies R connected in series is connected
at its opposite ends to the connection conductor film C9 and
a fuse film F10.

A resistor circuit R2 including 2 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F11 and a connection conductor film C12. A resistor
circuit R1 including a single unit resistor body R is con-
nected at its opposite ends to the connection conductor film
C12 and a fuse film F13. A resistor circuit R/2 including 2
unit resistor bodies R connected in parallel is connected at
its opposite ends to the fuse film F13 and a connection
conductor film C15.

A resistor circuit R/4 including 4 unit resistor bodies R
connected in parallel is connected at its opposite ends to the
connection conductor film C15 and a fuse film F16. A
resistor circuit R/8 including 8 unit resistor bodies R con-
nected in parallel is connected at its opposite ends to the fuse
film F16 and a connection conductor film C18. A resistor
circuit R/16 including 16 unit resistor bodies R connected in
parallel is connected at its opposite ends to the connection
conductor film C18 and a fuse film F19.

A resistor circuit R/32 including 32 unit resistor bodies R
connected in parallel is connected at its opposite ends to the
fuse film F19 and a connection conductor film C22. The fuse
films F and the connection conductor films C including the
fuse film F1, the connection conductor film. C2, the fuse film
F3, the fuse film F4, the connection conductor film C5, the
fuse film F6, the fuse film F7, the connection conductor film
C8, the connection conductor film C9, the fuse film F10, the
fuse film F11, the connection conductor film C12, the fuse
film F13, the fuse film F14, the connection conductor film
C15, the fuse film F16, the fuse film F17, the connection
conductor film C18, the fuse film F19, the fuse film F20, the
connection conductor film C21 and the connection conduc-
tor film C22 are linearly arranged and connected in series.
Where a fuse film F is fused off, electrical connection
between that fuse film and an adjacent connection conductor
film C connected to that fuse film F is cut off.

This configuration is represented by an electric circuit
diagram of FIG. 7. That is, with none of the fuse films F
fused off, the resistor circuit network 14 is configured such
that the reference resistor circuit R8 (having a resistance
value of 8r) including 8 unit resistor bodies R connected in
series is provided between the first connection electrode 12
and the second connection electrode 13. Where the unit
resistor bodies R each have a resistance value r of r=80 €2,
for example, the chip resistor 10 is configured such that the
first connection electrode 12 and the second connection
electrode 13 are connected to each other through a resistor
circuit having a resistance value of 8r=640€2.

Except the reference resistor circuit R8, the plural types of
resistor circuits to which the corresponding fuse films F are
connected in parallel are short-circuited by the correspond-
ing fuse films F. That is, 12 types of 13 resistor circuits R64
to R/32 are connected in series to the reference resistor
circuit R8, but are short-circuited by the fuse films F
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connected in parallel thereto. Therefore, the each of resistor
circuits is not electrically incorporated in the resistor circuit
network 14.

In the chip resistor 10 according to this embodiment, the
fuse films F are selectively fused off, for example, by a laser
beam according to the required resistance value. Thus, a
resistor circuit connected in parallel to a fused fuse film F is
incorporated in the resistor circuit network 14. Therefore,
the resistor circuit network 14 has an overall resistance value
which is controlled by connecting, in series, resistor circuits
incorporated by fusing off the corresponding fuse films F.

In other words, the chip resistor 10 according to this
embodiment is configured such that the plural types of
resistor circuits can be selectively incorporated in the resis-
tor circuit network by selectively fusing off the fuse films
provided in association with the plural types of resistor
circuits (for example, a serial connection circuit including
the resistor circuits R64, R32, R1 can be incorporated by
fusing off the fuse films F1, F4, F13). Since the plural types
of resistor circuits each have a predetermined resistance
value, the resistance value of the resistor circuit network 14
can be controlled in a so-called digital manner to provide the
chip resistor 10 having the required resistance value.

Further, the plural types of resistor circuits include plural
types of serial resistor circuits which respectively include 1,
2,4, 8,16, 32 and 64 unit resistor bodies R (whose number
increases in a geometrically progressive manner) each hav-
ing the same resistance value and connected in series, and
plural types of parallel resistor circuits which respectively
include 2, 4, 8, 16 and 32 unit resistor bodies R (whose
number increases in a geometrically progressive manner)
each having the same resistance value and connected in
parallel. These resistor circuits are connected in series in a
short-circuited state by the fuse films F. Therefore, the
overall resistance value of the resistor circuit network 14 can
be controlled to a desired resistance value in a wide range
from a lower resistance level to a higher resistance level by
selectively fusing off the fuse films F.

FIG. 8 is a plan view of a chip resistor 30 according to
another embodiment of the present invention, showing the
layout of a first connection electrode 12, a second connec-
tion electrode 13 and a resistor circuit network 14, and the
configuration of the resistor circuit network 14 as viewed in
plan. The chip resistor 30 is different from the chip resistor
10 in that the unit resistor bodies R are connected in a
different manner in the resistor circuit network 14.

More specifically, the resistor circuit network 14 of the
chip resistor 30 includes a multiplicity of unit resistor bodies
R arranged in a matrix array on a silicon substrate and each
having the same resistance value (in FIG. 8, the resistor
circuit network 14 is configured to include 352 unit resistor
bodies R in total with 8 unit resistor bodies R aligned in each
row (longitudinally of the silicon substrate) and with 44 unit
resistor bodies R aligned in each column (widthwise of the
silicon substrate)). The multiplicity of unit resistor bodies R
are grouped into predetermined numbers, and a predeter-
mined number of unit resistor bodies R (1 to 128 unit resistor
bodies R) in each group are electrically connected to one
another, whereby plural types of resistor circuits are formed.
The plural types of resistor circuits thus formed are con-
nected in parallel to one another via a conductor film and
fuse films F serving as circuit network connection means.
The fuse films F are arranged in a linear region alongside an
inner edge of the second connection electrode 13. With a
fuse film F fused off, a resistor circuit connected to that fuse
film is electrically isolated from the resistor circuit network
14.
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The multiplicity of unit resistor bodies R of the resistor
circuit network 14, the connection conductor film and the
fuse films F each have the same structure as those of the
aforementioned chip resistor 10 and, therefore, duplicate
description will be omitted. FIG. 9 is a schematic diagram
showing the connection of the plural types of resistor
circuits in the resistor circuit network shown in FIG. 8, the
layout of the fuse films F connecting the resistor circuits, and
the connection of the plural types of resistor circuits to the
fuse films F.

Referring to FIG. 9, one end of a reference resistor circuit
R/16 of the resistor circuit network 14 is connected to the
first connection electrode 12. The reference resistor circuit
R/16 includes 16 unit resistor bodies R connected in parallel,
and the other end of the reference resistor circuit R/16 is
connected to a connection conductor film C to which the
other resistor circuits are connected. A resistor circuit R128
including 128 unit resistor bodies R connected in series is
connected at its opposite ends to a fuse film F1 and the
connection conductor film C.

A resistor circuit R64 including 64 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F5 and the connection conductor film C. A resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F6 and
the connection conductor film C. A resistor circuit R16
including 16 unit resistor bodies R connected in series is
connected at its opposite ends to a fuse film F7 and the
connection conductor film C.

A resistor circuit R8 including 8 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F8 and the connection conductor film C. A resistor
circuit R4 including 4 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F9 and
the connection conductor film C. A resistor circuit R2
including 2 unit resistor bodies R connected in series is
connected at its opposite ends to a fuse film F10 and the
connection conductor film C.

A resistor circuit R1 including a single unit resistor body
R is connected at its opposite ends to a fuse film F11 and the
connection conductor film C. A resistor circuit R/2 including
2 unit resistor bodies R connected in parallel is connected at
its opposite ends to a fuse film F12 and the connection
conductor film C. A resistor circuit R/4 including 4 unit
resistor bodies R connected in parallel is connected at its
opposite ends to a fuse film F13 and the connection con-
ductor film C.

Fuse films F14, F15, F16 are electrically connected
together, and a resistor circuit R/8 including 8 unit resistor
bodies R connected in parallel is connected at its opposite
ends to the fuse films F14, F15, F16 and the connection
conductor film C. Fuse films F17, F18, F19, F20, F21 are
electrically connected together, and a resistor circuit R/16
including 16 unit resistor bodies R connected in parallel is
connected at its opposite ends to the fuse films F17 to F21
and the connection conductor film C.

The fuse films F include 21 fuse films F1 to F21, which
are all connected to the second connection electrode 13.
With this arrangement, when a fuse film F is fused off, a
resistor circuit connected at its one end to that fuse film F is
electrically isolated from the resistor circuit network 14.

The configuration of FIG. 9, i.e., the configuration of the
resistor circuit network 14 of the chip resistor 30, is repre-
sented by an electric circuit diagram shown in FIG. 10. With
none of the fuse films F fused off, the resistor circuit network
14 is configured such that a parallel connection circuit
including 12 types of resistor circuits R/16, R/8, R/4, R/2,
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R1,R2, R4, R8, R16, R32, R64, R128 is connected in series
to the reference resistor circuit R/16 between the first
connection electrode 12 and the second connection electrode
13.

The fuse films F are respectively connected in series to the
12 types of resistor circuits except the reference resistor
circuit R/16. In the chip resistor 30 having this resistor
circuit network 14, the fuse films F are selectively fused off,
for example, by a laser beam according to the required
resistance value. Thus, a resistor circuit associated with the
fused fuse film F (a resistor circuit connected in series to the
fused fuse film F) is electrically isolated from the resistor
circuit network 14, whereby the resistance value of the chip
resistor 30 can be adjusted.

In other words, the chip resistor 30 according to this
embodiment is also configured such that the plural types of
resistor circuits can be selectively electrically isolated from
the resistor circuit network by selectively fusing off the fuse
films provided in association with the plural types of resistor
circuits. Since the plural types of resistor circuits each have
a predetermined resistance value, the resistance value of the
resistor circuit network 14 can be controlled in a so-called
digital manner to provide the chip resistor 30 having the
required resistance value.

Further, the plural types of resistor circuits include plural
types of serial resistor circuits which respectively include 1,
2,4, 8, 16, 32, 64 and 128 unit resistor bodies R (whose
number increases in a geometrically progressive manner)
each having the same resistance value and connected in
series, and plural types of parallel resistor circuits which
respectively include 2, 4, 8 and 16 unit resistor bodies R
(whose number increases in a geometrically progressive
manner) each having the same resistance value and con-
nected in parallel. Therefore, the overall resistance value of
the resistor circuit network 14 can be finely and digitally
adjusted at a desired resistance value by selectively fusing
off the fuse films F.

In an electric circuit shown in FIG. 10, lower resistance
resistor circuits out of the reference resistor circuit R/16 and
the resistor circuits connected in parallel are liable to suffer
from overcurrent. Therefore, the lower resistance resistor
circuits should be designed to have a higher rated current in
the setting of the resistance. For distribution of electric
current, the connection configuration of the resistor circuit
network may be changed from the electric circuit shown in
FIG. 10 to an electric circuit configuration as shown in FIG.
11(A). That is, the resistor circuit network is modified with
the reference resistor circuit R/16 eliminated to include a
circuit configuration 140 such that a plurality of unit resistor
bodies R1 each having a minimum resistance value of r are
connected in parallel.

FIG. 11(B) is an electric circuit diagram with specific
resistance values, showing a configuration 140 such that a
plurality of serial connections each including a 802 unit
resistor body and a fuse film F are connected in parallel.
Thus, the electric current flowing through the resistor circuit
can be distributed.

FIG. 12 is an electric circuit diagram showing a circuit
configuration of a resistor circuit network 14 provided in a
chip resistor according further another embodiment of the
present invention. The resistor circuit network 14 shown in
FIG. 12 has a characteristic circuit configuration such that
serial connection of plural types of resistor circuits is
connected in series to parallel connection of plural types of
resistor circuits.

As in the previous embodiment, a fuse film F is connected
in parallel to each of the plural types of resistor circuits
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connected in series, and all the plural types of resistor
circuits connected in series are short-circuited by the fuse
films F. With a fuse film F fused off, therefore, a resistor
circuit which has been short-circuited by that fuse film F is
electrically incorporated in the resistor circuit network 14.
On the other hand, a fuse film F is connected in series to each
of the plural types of resistor circuits connected in parallel.
With a fuse film F fused off, therefore, a resistor circuit
connected in series to that fuse film F is electrically isolated
from the parallel connection of the resistor circuits.

With this arrangement, a resistance of smaller than 1 k€2
may be formed in the parallel connection side, and a resistor
circuit of 1 kQ or greater may be formed in the serial
connection side. Thus, a resistor circuit having a resistance
value in a wide range from a smaller resistance value on the
order of several ohms to a greater resistance value on the
order of several megaohms can be produced from a resistor
circuit network 14 designed based on the same basic design
concept. For more accurate setting of the resistance value, a
fuse film associated with a resistor circuit having a resis-
tance value closer to the required resistance value in the
serial connection side may be preliminarily cut. Thus, the
resistance value can be finely controlled by selectively
fusing off the fuse films associated with the resistor circuits
in the parallel connection side, whereby the resistance value
can be more accurately adjusted at the required resistance
value.

FIG. 13 is an electric circuit diagram showing an exem-
plary configuration of a resistor circuit network 14 of a chip
resistor having a resistance value of 10Q to 1 MQ. The
resistor circuit network 14 shown in FIG. 13 also has a
circuit configuration such that serial connection of plural
types of resistor circuits short-circuited by fuse films F is
connected in series to parallel connection of plural types of
resistor circuits each connected in series to a fuse film F.

In the resistor circuit shown in FIG. 13, the resistance can
be set at a desired resistance value in a range of 10 to 1 kQ
within an accuracy of 1% in the parallel connection side.
Further, the resistance can be set at a desired resistance value
in a range of 1 k to 1 MQ within an accuracy of 1% in the
serial connection side. Where the resistor circuits in the
serial connection side are used for the setting, the resistance
can be advantageously adjusted at the desired resistance
value with a higher accuracy by preliminarily fusing off a
fuse film F associated with a resistor circuit having a
resistance value closer to the desired resistance value.

In the above description, the fuse films F are located at the
same level as the connection conductor films C, but an
additional conductor film may be provided on the respective
connection conductor films C to reduce the resistance values
of the connection conductor films C. Alternatively, portions
of the resistive film underlying the connection conductor
films C may be obviated. Even in this case, the fusibility of
the fuse films F is not reduced as long as the additional
conductor film is not present on the fuse films F.

FIG. 14 are schematic plan views for explaining the
structure of a major portion of a chip resistor 90 according
to further another embodiment of the present invention. In
the chip resistor 10 (see FIGS. 1 and 2) and the chip resistor
30 (see FIG. 8), for example, a resistive film line 20 and
conductive film pieces 21 of a resistor circuit are configured
in a relationship as shown in plan in FIG. 14(A). That is, as
shown in FIG. 14(A), a portion of the resistive film line 20
defined between the conductive film pieces 21 spaced the
predetermined distance R defines a unit resistor body R
having a predetermined resistance value r. The conductive
film pieces 21 are provided on the resistive film line 20 on
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opposite sides of the unit resistor body R to cause short

circuit in the resistive film line 20.

In the chip resistor 10 and the chip resistor 30 described
above, the portion of the resistive film line 20 defining the
unit resistor body R has a length of, for example, 12 um. The
resistive film line 20 has a width of, for example, 1.5 um and
a unit resistance (sheet resistance) of 10Q/[]. Therefore, the
resistance value r of the unit resistor body R is r=80Q. There
is a demand for increasing the resistance of the chip resistor
10 shown in FIGS. 1 and 2, for example, by increasing the
resistance value of the resistor circuit network 14 without
increasing the area of the resistor circuit network 14.

In the chip resistor 90 according to this embodiment, the
layout of the resistor circuit network 14 is changed, and the
unit resistor bodies of the respective resistor circuits of the
resistor circuit network are each configured and dimen-
sioned as shown in plan in FIG. 14(B). Referring to FIG.
14(B), the resistive film line 20 includes a resistive film line
20 linearly extending and having a width of 1.5 um. A
portion of the resistive film line 20 defined between con-
ductive film pieces 21 spaced a predetermined distance R’
defines a unit resistor body R' having a predetermined
resistance value r'. The unit resistor body R' has a length of,
for example, 17 um. Thus, the unit resistor body R' has a
resistance value r' of 1602 which is generally twice that of
the unit resistor body R shown in FIG. 14(A).

Further, the conductive film pieces 21 provided on the
resistive film line 20 each have the same length in FIGS.
14(A) and 14(B). Therefore, the resistance of the chip
resistor 90 can be increased by changing the layout of the
unit resistor bodies R' of the respective resistor circuits of the
resistor circuit network 14 so that the unit resistor bodies R’
can be connected in series.

FIG. 15 is a flow diagram showing an exemplary produc-
tion process for the chip resistor 10 described with reference
to FIGS. 1 to 7. A production method for the chip resistor 10
will be described in detail according to the production
process of the flow diagram and, as required, referring to
FIGS.1to 7.

Step S1: First, a substrate 11 (in practice, a silicon wafer (see
FIG. 17) before being divided into individual chip resis-
tors 10) is placed in a predetermined treatment chamber,
and a silicon dioxide (SiO,) layer is formed as an insu-
lative layer 19 in a surface of the substrate 11, for
example, by a thermal oxidation method.

Step S2: Then, a resistive film 20 of TiN, TiON or TiSiON
is formed on the entire surface of the insulative layer 19,
for example, by a sputtering method.

Step S3: In turn, an interconnection film 21 such as of
aluminum (Al) is formed on the entire surface of the
resistive film 20, for example, by a sputtering method.
The total thickness of the resistive film 20 and the
interconnection film 21 thus formed may be about 8000
A. The interconnection film 21 may be formed from an
aluminum-containing metal film such as of AlSi, AlSiCu
or AlCu, rather than formed from Al. The processing
accuracy can be improved by forming the interconnection
film 21 from the aluminum-containing metal film such as
of Al, AlSi, AlSiCu or AlCu.

Step S4: Subsequently, a resist pattern corresponding to
the plan configuration of resistor circuit networks 14 (a
layout pattern including conductor films C and fuse films F)
is formed on the surface of the interconnection film 21 by a
photolithography process (first resist pattern forming step).

Step S5: Then, a first etching step is performed. That is,
the resistive film 20 and the interconnection film 21 formed
in a double layer structure are etched, for example, by
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reactive ion etching (RIE) with the use of the first resist
pattern formed in Step S4 as a mask. After the etching, the
first resist pattern is removed.

Step S6: A second resist pattern is formed by a photoli-
thography process. The second resist pattern formed in Step
S6 is a pattern for selectively removing the interconnection
film 21 formed on the resistive film 20 to define unit resistor
bodies R (each indicated by a finely dotted area in FIG. 2).

Step S7: Only the interconnection film 21 is selectively
etched, for example, by wet etching with the use of the
second resist pattern formed in Step S6 as a mask (second
etching step). After the etching, the second resist pattern is
removed. Thus, the layout pattern of the resistor circuit
networks 14 each shown in FIG. 2 is provided.

Step S8: At this stage, the resistance (overall resistance
value) of each of the resistor circuit networks 14 formed on
the substrate surface is measured. The measurement is
performed, for example, by bringing multi-probe pins into
contact with an end of the resistor circuit network 14 to be
connected to the first connection electrode 12 and the fuse
films and an end of the resistor circuit network 14 to be
connected to the second connection electrode 13. Through
the measurement, the initial state of each of the resistor
circuit networks 14 thus produced is checked.

Step S9: Then, a cover film 22qa of, for example, a nitride
film is formed over the entire surface of the resistor circuit
networks 14 formed on the substrate 11. The cover film 22a
may be an oxide film (SiO, film) rather than the nitride film
(SiN film). The formation of the cover film 224 may be
achieved by a plasma CVD method. The cover film 224 may
be, for example, a silicon nitride film (SiN film) having a
thickness of about 3000 A. The cover film 22a covers the
interconnection film 21, the resistive film 20 and the fuse
films F previously patterned.

Step S10: In this state, the fuse films F are selectively
fused off by laser trimming for adjusting the resistance of
each of the chip resistors 10 at a desired resistance value.
That is, as shown in FIG. 16(A), a laser beam is applied to
a fuse film F selected according to the results of the
measurement of the overall resistance value in Step S8 to
fuse off the selected fuse film F and a portion of the resistive
film 20 underlying the fuse film F. Thus, a resistor circuit
which has been short-circuited by that fuse film F is incor-
porated into the resistor circuit network 14, so that the
resistance of the resistor circuit network 14 can be adjusted
at the desired resistance value. When the laser beam is
applied to the fuse film F, the energy of the laser beam is
accumulated around the fuse film F by the function of the
cover film 22a, whereby the fuse film F and the underlying
portion of the resistive film 20 are fused off.

Step S11: Then, as shown in FIG. 16(B), a silicon nitride
film is deposited on the cover film 22a, for example, by a
plasma CVD method, whereby a passivation film 22 is
formed. The cover film 22a described above is finally
unified with the passivation film 22 to form a part of the
passivation film 22. The passivation film 22 formed after the
fuse-off of the fuse film F and the underlying resistive film
portion 20 partly enters a hole 226 formed in the cover film
22a when the cover film 224 is partly broken during the
fuse-off of the fuse film F and the underlying resistive film
portion 20, and protects broken surfaces of the fuse film F
and the underlying resistive film portion 20. Therefore, the
passivation film 22 prevents foreign matter and moisture
from intruding into the fuse-off portion of the fuse film F.
The passivation film 22 may have an overall thickness of, for
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example, about 1000 to about 20000 A (e.g., about 8000 A).
As described above, the passivation film 22 may be a silicon
oxide film.

Step S12: Then, as shown in FIG. 16(C), a resin film 23
is applied over the resulting substrate. A photosensitive
polyimide coating film 23, for example, is used as the resin
film 23.

Step S13: The resin film 23 is patterned by photolithog-
raphy by exposing regions of the resin film 23 corresponding
to openings for first and second connection electrodes 12, 13
and then developing the resulting resin film 23. Thus, pad
openings for the first and second connection electrodes 12,
13 are formed in the resin film 23.

Step S14: Thereafter, the resin film 23 is heat-treated to be
cured (polyimide curing). Thus, the polyimide film 23 is
stabilized by the heat treatment. The heat treatment may be
performed at a temperature of, for example, about 170° C.
to about 700° C. As a result, the characteristic properties of
the resistor bodies (the resistive film 20 and the patterned
interconnection film 21) are advantageously stabilized.

Step S15: Then, the polyimide film 23 having the through-
holes in regions to be formed with the first and second
connection electrodes 12, 13 is used as a mask to etch the
passivation film 22. Thus, pad openings for exposing por-
tions of the interconnection film 21 to be formed with the
first and second connection electrodes 12, 13 are formed in
the passivation film 22. The etching of the passivation film
22 may be achieved by reactive ion etching (RIE).

Step S16: The resistance is measured (after-measurement
is performed) with the multi-probe pins in contact with the
portions of the interconnection film 21 exposed from each
pair of pad openings for confirming that the chip resistors
each have a desired resistance value. By performing the
after-measurement, i.e., by sequentially performing the ini-
tial measurement, the fuse-off of the fuse film F (laser repair)
and the after-measurement, the trimming process efficiency
for the chip resistors 10 is significantly improved.

Step S17: The first and second connection electrodes 12,
13 are formed as external connection electrodes in the each
pair of pad openings, for example, by an electroless plating
method.

Step S18: Thereafter, a third resist pattern is formed by
photolithography for separating the multiplicity of chip
resistors (e.g., 500,000 chip resistors) formed on the wafer
surface from each other. The resist film is configured such
that the chip resistors 10, for example, shown in FIG. 18 can
be protected on the wafer surface and a region of the wafer
surface defined between the respective chip resistors 10 can
be etched.

Step S19: Then, plasma dicing is performed. The plasma
dicing is an etching method by which a trench having a
predetermined depth as measured from the surface of the
silicon wafer (substrate) is formed between the chip resistors
10 in the silicon wafer with the use of the third resist pattern
as a mask. Thereafter, the resist film is removed.

Step S20: Then, a protective tape 100 is bonded to a front
surface of the resulting substrate as shown in FIG. 17(A).

Step S21: Subsequently, a back surface of the silicon
wafer is ground to separate the chip resistors 10 from each
other (FIGS. 17(A) and 17(B)).

Step S22: Then, as shown in FIG. 17(C), a carrier tape
(thermally foamable sheet) 200 is bonded to the back
surface, whereby the multiplicity of chip resistors 10 sepa-
rated from each other are held in an array on the carrier tape
200. On the other hand, the protective tape is removed from
the front surface (FIG. 17(D)).
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Step S23: When the thermally foamable sheet 200 is
heated, thermally expandable particles 201 contained in the
thermally foamable sheet 200 are expanded, whereby the
chip resistors 10 bonded to the surface of the carrier tape 200
are removed from the carrier tape 200 to be separated from
each other (FIGS. 17(E) and 17(F)). While the chip resistors
have thus been described according to the embodiments of
the present invention, the invention is applicable to chip
components other than the chip resistors.

Another example of the chip component is a chip capaci-
tor. The chip capacitor includes a substrate, a first external
electrode provided on the substrate, and a second external
electrode provided on the substrate. The first external elec-
trode and the second external electrode are disposed, for
example, on longitudinally opposite end portions of the
substrate, and a capacitor provision region is provided
between the first external electrode and the second external
electrode. A plurality of capacitor elements are provided as
functional elements in the capacitor provision region. The
capacitor elements are electrically connected to the first
external electrode via a plurality of fuses.

The present invention is applied to this chip capacitor,
whereby interconnections and the fuses are integrally
formed from an aluminum-containing interconnection film
to eliminate the aforementioned problem. Further another
example of the chip component is a chip inductor. The chip
inductor has a multilevel interconnection structure provided
on a substrate, and inductor elements (coils) and associated
interconnections are provided in the multilevel interconnec-
tion structure. The chip inductor is configured such that
desired ones of the inductor elements in the multilevel
interconnection structure are incorporated into a circuit or
isolated from the circuit by operating the fuses. A smaller-
size and higher-performance chip inductor (chip component)
can be provided by integrally forming interconnections and
the fuses from an aluminum-containing interconnection
film.

Still another example of the chip component is a chip
diode. The chip diode has a multilevel interconnection
structure on a substrate, and a plurality of diode elements
and associated interconnections are provided in the multi-
level interconnection structure. The chip diode is configured
such that desired ones of the diode elements in the multilevel
interconnection structure are incorporated into a circuit or
isolated from the circuit by operating the fuses. The recti-
fication characteristics of the chip diode can be changed or
adjusted by selectively incorporating the diode elements.
Further, the voltage drop characteristic (resistance) of the
chip diode can be properly set. Where the chip diode is a
chip LED (light emitting diode) including LED elements,
the light emitting color of the chip LED can be selected by
selectively incorporating the LED elements in a circuit. A
smaller-size, higher-performance and easy-to-handle chip
diode and chip LED (chip components) can be provided by
integrally forming interconnections and the fuses from an
aluminum-containing interconnection film.

It should be understood that the present invention be not
limited to the production method according to the afore-
mentioned embodiment, but various design modifications
may be made within the scope of the present invention
defined by the appended claims. For example, production
process steps not specified by the claims may be modified,
obviated or added within the scope of the present invention.
<First Reference Embodiment of Present Invention>
(1) Inventive Features of First Reference Embodiment

The first reference embodiment has, for example, the
following inventive features (Al) to (All):
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(A1) A chip resistor is provided, which includes a substrate,
a plurality of resistor elements each having a resistive film
provided on the substrate and an interconnection film
provided on the resistive film in contact with the resistive
film, an electrode provided on the substrate, and a plu-
rality of fuses disconnectably connecting the resistor
elements to the electrode, wherein the resistive film is
made of at least one material selected from the group
consisting of NiCr, NiCrAl, NiCrSi, NiCrSiAl, TaN,
TaSi0O,, TiN, TiNO and TiSiON.

With this arrangement, the resistive film is made of at
least one material selected from the group consisting of
NiCr, NiCrAl, NiCrSi, NiCrSiAl, TaN, TaSiO,, TiN, TiNO
and TiSiON and, therefore, is suitable for micro-processing.
Further, the chip resistor has an accurate resistance that is
less likely to be influenced by temperature characteristics.
(A2) In the chip resistor of the feature (A1), the resistive film

has a temperature coefficient of less than 1000 ppm/° C.

With this arrangement, the temperature coefficient of the
resistive film is less than 1000 ppm/° C. and, therefore, the
resistance is substantially free from the influence of the
temperature characteristics.

(A3) In the chip resistor of the feature (A2), the temperature
coeflicient of the resistive film is 50 ppm/® C. to 200
pp/® C. With this arrangement, the chip resistor has an
accurate resistance that is less likely to be influenced by
the temperature characteristics.

(A4) In the chip resistor of any one of the features (A1) to
(A3), the resistive film has a thickness of 300 A to 1 um.
Where the resistive film has a thickness in this range, a

temperature coeflicient of 50 ppn/° C. to 200 ppm/°® C. can

be achieved.

(A5) In the chip resistor of any one of the features (A1) to
(A4), the resistor elements each include a linear element
having a line width of 1 um to 1.5 pum. With this
arrangement, the chip resistor has micro-processed ele-
ments.

(A6) In the chip resistor of the feature (AS5), the resistor
elements each include conductive film pieces provided on
the resistive film and spaced a predetermined distance
from each other in a linear element extending direction,
and a portion of the resistive film not provided with the
conductive film pieces spaced the predetermined distance
from each other functions as a single unit resistor body.
With this arrangement, the chip resistor may include unit

resistor bodies connected in series to be thereby imparted

with an accurate resistance value.

(A7) In the chip resistor of any one of the features (A1) to
(A®6), the conductive film pieces provided on the resistive
film and the fuses are metal films provided at the same
level and made of the same material.

With this arrangement, the metal films (conductor films)
having different functions can be simultaneously easily
formed by a simplified production process having a smaller
number of process steps.

(A8) In the chip resistor of the feature (A6) or (A7), unit
resistor bodies are connected in series to one another to
form a resistor circuit. With this arrangement, the chip
resistor can be provided, which has a resistance value
easily adjusted at a higher resistance level.

(A9) In the chip resistor of the feature (A8), the resistor
circuit includes plural types of resistor circuits which
include plural types of serial resistor circuits each includ-
ing unit resistor bodies whose number is defined by an
increasing geometric progression, the unit resistor bodies
being connected in series to one another and having the
same resistance value.
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With this arrangement, the chip resistor can be provided,
which has a resistance value easily adjusted at a higher
resistance value.

(A10) In the chip resistor of the feature (A8), the resistor
circuit includes plural types of resistor circuits which
include plural types of parallel resistor circuits each
including unit resistor bodies whose number is defined by
an increasing geometric progression, the unit resistor
bodies being connected in parallel to one another and
having the same resistance value.

With this arrangement, the chip resistor can be provided,
which has a resistance value easily adjusted at a lower
resistance level.

(A11) In the chip resistor of the feature (A8), the resistor
circuit includes plural types of resistor circuits which
include plural types of serial resistor circuits each includ-
ing unit resistor bodies whose number is defined by an
increasing geometric progression, the unit resistor bodies
of each of the serial resistor circuits being connected in
series to one another and having the same resistance
value, and plural types of parallel resistor circuits each
including unit resistor bodies whose number is defined by
an increasing geometric progression, the unit resistor
bodies of each of the parallel resistor circuits being
connected in parallel to one another and having the same
resistance value.

With this arrangement, the chip resistor can be provided,
which has a resistance value easily adjusted at various
resistance levels.

(2) Examples of First Reference Embodiment of Present

Invention
Examples of the first reference embodiment will herein-

after be described in detail with reference to the attached
drawings. Reference characters shown in FIGS. 19 to 38 are
effective only in FIGS. 19 to 38, so that components
designated by these reference characters could be different
from those designated by the same reference characters in
other embodiments.

FIG. 19(A) is a schematic perspective view showing the
appearance of a chip resistor al0 according to an example of
the first reference embodiment, and FIG. 19(B) is a side
view of the chip resistor al0, which is mounted on a
substrate. Referring to FIG. 19(A), the chip resistor al0
according to the example of the first reference embodiment
includes a first connection electrode al2, a second connec-
tion electrode al3, and a resistor circuit network al4 which
are provided on a substrate all. The substrate all is a minute
rectangular prismatic chip having a generally rectangular
plan shape and, for example, has a length L of about 0.3 mm
as measured longitudinally thereof, a width W of about 0.15
mm as measured widthwise thereof and a thickness T of
about 0.1 mm. The substrate all may have rounded corners
as seen in plan. The substrate may be made of, for example,
silicon, glass, ceramic or the like. In the following example,
the substrate all is a silicon substrate by way of example.

The chip resistor al0 is obtained by forming a multiplicity
of chip resistors al0 in a lattice form on a substrate, and
cutting the substrate into the individual chip resistors al0 as
shown in FIG. 36. The first connection electrode al2 is a
rectangular electrode provided on the substrate all along-
side one shorter edge alll of the substrate all and elongated
in the direction of the shorter edge alll. The second
connection electrode al3 is a rectangular electrode provided
on the substrate all alongside the other shorter edge al12 of
the substrate all and elongated in the direction of the shorter
edge al12. The resistor circuit network al4 is provided on a
middle region (a circuit formation surface or a device
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formation surface) of the substrate all between the first
connection electrode al2 and the second connection elec-
trode al3. One end of the resistor circuit network al4 is
electrically connected to the first connection electrode al2,
and the other end of the resistor circuit network al4 is
electrically connected to the second connection electrode
al3. The first connection electrode al2, the second connec-
tion electrode al3 and the resistor circuit network al4 can be
provided on the substrate all, for example, by a micro-
processing process. Particularly, the resistor circuit network
al4 can be formed as having a minute and precise layout
pattern by utilizing a photolithography process to be
described later.

The first connection electrode al2 and the second con-
nection electrode al3 each function as an external connec-
tion electrode. With the chip resistor al0 mounted on a
circuit substrate al5, as shown in FIG. 19(B), the first
connection electrode al2 and the second connection elec-
trode al3 are electrically and mechanically connected to a
circuit (not shown) of the circuit substrate al5 by solder. At
least surface portions of the first connection electrode al2
and the second connection electrode al3 each functioning as
the external connection electrode are desirably made of gold
(Au) or plated with gold for improvement of solder wetta-
bility and for improvement of reliability.

FIG. 20 is a plan view of the chip resistor al0, showing
the layout of the first connection electrode al2, the second
connection electrode al3 and the resistor circuit network
ald4, and the configuration (layout pattern) of the resistor
circuit network al4 as viewed in plan. In the chip resistor
al0, referring to FIG. 20, the first connection electrode al2
has a longer edge extending along the one shorter edge alll
of the upper surface of the substrate all, and has a generally
rectangular shape as seen in plan. The second connection
electrode al3 has a longer edge extending along the other
shorter edge all2 of the upper surface of the substrate all,
and has a generally rectangular shape as seen in plan. The
resistor circuit network al4 is provided in the rectangular
region between the first connection electrode al2 and the
second connection electrode al3 as seen in plan.

The resistor circuit network al4 includes a multiplicity of
unit resistor bodies R arranged in a matrix array on the
substrate all and each having the same resistance value (in
FIG. 20, the resistor circuit network al4 is configured to
include 352 unit resistor bodies R in total with 8 unit resistor
bodies R aligned in each row (longitudinally of the substrate
all) and with 44 unit resistor bodies R aligned in each
column (widthwise of the substrate all)). The multiplicity of
unit resistor bodies R are grouped into predetermined num-
bers, and a predetermined number of unit resistor bodies R
(1 to 64 unit resistor bodies R) in each group are electrically
connected to one another by conductor films C (which are
portions of an interconnection film made of an aluminum-
containing metal such as Al AlSi, AlSiCu or AlCu),
whereby plural types of resistor circuits are formed accord-
ing to the numbers of the connected unit resistor bodies R.

Further, a plurality of fusible fuse films F (preferably,
portions of the interconnection film made of the aluminum-
containing metal such as Al, AlSi, AlSiCu or AlCu which is
the same material as for the conductor films C, and herein-
after sometimes referred to simply as “fuses™) are provided
for electrically incorporating the resistor circuits into the
resistor circuit network al4 or electrically isolating the
resistor circuits from the resistor circuit network al4. The
fuse films F are arranged in a linear region alongside an
inner edge of the second connection electrode al3. More
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specifically, the fuse films F and connection conductor films
C are arranged in adjacent relation, and the arrangement
direction extends linearly.

FIG. 21A is a plan view illustrating a part of the resistor
circuit network al4 shown in FIG. 20 on an enlarged scale.
FIGS. 21B and 21C area longitudinal vertical sectional view
and a widthwise vertical sectional view, respectively, for
explaining the structure of the unit resistor bodies R of the
resistor circuit network al4. Referring to FIGS. 21A, 21B
and 21C, the structure of the unit resistor bodies R will be
described.

An insulative layer (of Si0O,) a19 is provided on the upper
surface of the substrate all, and a resistive film a20 is
provided on the insulative layer al19. The resistive film a20
is made of at least one material selected from the group
consisting of NiCr, NiCrAl, NiCrSi, NiCrSiAl, TaN,
TaSiO,, TiN, TiON and TiSiON. The resistive film a20,
which is made of any of these materials, can be micro-
processed by the photolithography. Further, the chip resistor
can be produced as having an accurate resistance that is less
likely to be influenced by temperature characteristics. The
resistive film a20 includes a plurality of resistive film
portions (hereinafter referred to as “resistive film lines™)
linearly extending parallel to each other between the first
connection electrode al2 and the second connection elec-
trode al3. Some of the resistive film lines a20 are cut at
predetermined positions with respect to a line extending
direction. Conductive film pieces a21 (e.g., aluminum film
pieces) are provided on the resistive film lines a20. The
conductive film pieces a2l are spaced a predetermined
distance R in the line extending direction on the resistive
film lines a20.

In FIG. 22, the electrical characteristic features of the
resistive film lines a20 and the conductive film pieces a21 of
this arrangement are shown by way of circuit symbols. As
shown in FIG. 22(A), portions of each of the resistive film
lines a20 present between the conductive film pieces a2l
spaced the predetermined distance R from one another each
serve as a single unit resistor body R having a predetermined
resistance value r. The conductive film pieces a2l cause
short circuit in regions of the resistive film lines a20 on
which the conductive film pieces a21 are provided. Thus, a
resistor circuit is provided, in which unit resistor bodies R
each having a resistance value r are connected in series as
shown in FIG. 22(B).

Further, adjacent resistive film lines a20 are connected to
each other by the resistive film lines a20 and the conductive
film pieces a21, so that a resistor circuit network shown in
FIG. 21A constitutes a resistor circuit shown in FIG. 22(C).
In the schematic sectional views shown in FIGS. 21B and
21C, the reference numeral all designates the substrate, and
the reference numeral al9 designates the silicon dioxide
(8i0,) insulative layer. The reference numeral a20 desig-
nates the resistive film provided on the insulative layer a19,
and the reference numeral a21 designates an aluminum (Al)
interconnection film. A reference numeral a22 designates an
SiN protective film, and a reference numeral a23 designates
a polyimide protective layer.

The material for the resistive film a20 is at least one
material selected from the group consisting of NiCr, NiCrAl,
NiCrSi, NiCrSiAl, TaN, TaSiO,, TiN, TiON and TiSiON as
described above. The resistive film a20 desirably has a
thickness of 300 A to 1 pm. Where the resistive film a20 has
a thickness in this range, the resistive film a20 can have a
temperature coefficient of 50 ppny/° C. to 200 ppm/°® C.
Thus, the chip resistor is less likely to be influenced by the
temperature characteristics.
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Where the temperature coefficient of the resistive film a20
is less than 1000 ppm/°® C., the chip resistor is practically
advantageous. Further, the resistive film a20 desirably
includes linear elements each having a line width of 1 um to
1.5 um. Thus, the resistor circuits can be formed as having
a minute configuration and advantageous temperature char-
acteristics. The interconnection film a21 may be formed
from an aluminum-containing metal film such as of AlSi,
AlSiCu or AlCu, rather than formed of Al. By thus forming
the interconnection film a21 (including the fuse films F)
from the aluminum-containing metal film, the processing
accuracy can be improved.

A production process for the resistor circuit network al4
having the aforementioned structure will be detailed later. In
this example, the unit resistor bodies R included in the
resistor circuit network al4 provided on the substrate all are
constituted by the resistive film lines a20 and the plurality of
conductive film pieces a2l spaced the predetermined dis-
tance from one another in the line extending direction on the
resistive film lines a20. Portions of the resistive film lines
a20 not provided with the conductive film pieces a21 spaced
the predetermined distance R from one another each define
a single unit resistor body R. The portions of the resistive
film lines a20 defining the unit resistor bodies R each have
the same shape and the same size. Therefore, the multiplicity
of unit resistor bodies R arranged in the matrix array on the
substrate all have the same resistance value. This is based
on a characteristic feature that resistive film portions formed
on a substrate as having the same shape and the same size
have the same resistance value.

The conductive film pieces a21 provided on the resistive
film lines a20 define the unit resistor bodies R, and also serve
as connection interconnection films for connecting the unit
resistor bodies R to one another to provide the resistor
circuits. FIG. 23(A) is an enlarged partial plan view illus-
trating a region of the chip resistor al0 including the fuse
films F shown in apart of the plan view of FIG. 20 on an
enlarged scale, and FIG. 23(B) is a diagram showing a
sectional structure taken along a line B-B in FIG. 23(A).

As shown in FIGS. 23(A) and 23(B), the fuse films F are
formed from the interconnection film a21 provided on the
resistive film a20. That is, the fuse films F are formed of
aluminum (Al), which is the same metal material as for the
conductive film pieces a2l provided on the resistive film
lines a20 to define the unit resistor bodies R, and provided
at the same level as the conductive film pieces a2l. As
described above, the conductive film pieces a2l also serve
as the connection conductor films C for electrically connect-
ing the plurality of unit resistor bodies R to form the resistor
circuits.

That is, interconnection film portions for defining the unit
resistor bodies R, connection interconnection film portions
for forming the resistor circuits, connection interconnection
film portions for forming the resistor circuit network al4, the
fuse films, and interconnection film portions for connecting
the resistor circuit network al4 to the first connection
electrode al2 and the second connection electrode al3 are
provided at the same level on the resistive film a20, and
formed from the same aluminum-containing metal material
(e.g., aluminum) by the same production process (e.g., a
sputtering and photolithography process). This simplifies the
production process for this chip resistor al0. These inter-
connection film portions can be simultaneously formed by
utilizing the same mask. Further, the interconnection film
portions can be aligned with the resistive film a20 with
higher alignment accuracy.
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FIG. 24 is a schematic diagram showing the layout of the
connection conductor films C and the fuse films F which
connect the plural types of resistor circuits in the resistor
circuit network al4 shown in FIG. 20, and the connection of
the plural types of resistor circuits to the connection con-
ductor films C and the fuse films F. Referring to FIG. 24, one
end of a reference resistor circuit R8 of the resistor circuit
network al4 is connected to the first connection electrode
al2. The reference resistor circuit R8 includes 8 unit resistor
bodies R connected in series, and the other end of the
reference resistor circuit R8 is connected to a fuse film F1.

A resistor circuit R64 including 64 unit resistor bodies R
connected in series is connected at its opposite ends to the
fuse film F1 and a connection conductor film C2. A resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to the connection
conductor film C2 and a fuse film. F4. Another resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to the fuse film F4
and a connection conductor film C5.

A resistor circuit R16 including 16 unit resistor bodies R
connected in series is connected at its opposite ends to the
connection conductor film C5 and a fuse film F6. A resistor
circuit R8 including 8 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F7 and
a connection conductor film C9. A resistor circuit R4 includ-
ing 4 unit resistor bodies R connected in series is connected
at its opposite ends to the connection conductor film C9 and
a fuse film F10.

A resistor circuit R2 including 2 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F11 and a connection conductor film C12. A resistor
circuit R1 including a single unit resistor body R is con-
nected at its opposite ends to the connection conductor film
C12 and a fuse film F13. A resistor circuit R/2 including 2
unit resistor bodies R connected in parallel is connected at
its opposite ends to the fuse film F13 and a connection
conductor film C15.

A resistor circuit R/4 including 4 unit resistor bodies R
connected in parallel is connected at its opposite ends to the
connection conductor film C15 and a fuse film F16. A
resistor circuit R/8 including 8 unit resistor bodies R con-
nected in parallel is connected at its opposite ends to the fuse
film F16 and a connection conductor film C18. A resistor
circuit R/16 including 16 unit resistor bodies R connected in
parallel is connected at its opposite ends to the connection
conductor film C18 and a fuse film F19.

A resistor circuit R/32 including 32 unit resistor bodies R
connected in parallel is connected at its opposite ends to the
fuse film F19 and a connection conductor film C22. The fuse
films F and the connection conductor films C including the
fuse film F1, the connection conductor film. C2, the fuse film
F3, the fuse film. F4, the connection conductor film CS5, the
fuse film F6, the fuse film F7, the connection conductor film
C8, the connection conductor film C9, the fuse film F10, the
fuse film F11, the connection conductor film C12, the fuse
film F13, the fuse film F14, the connection conductor film
C15, the fuse film F16, the fuse film F17, the connection
conductor film C18, the fuse film F19, the fuse film F20, the
connection conductor film C21 and the connection conduc-
tor film C22 are linearly arranged and connected in series.
Where a fuse film F is fused off, electrical connection
between that fuse film F and an adjacent connection con-
ductor film C connected to that fuse film F is cut off.

This configuration is represented by an electric circuit
diagram of FIG. 25. That is, with none of the fuse films F
fused off, the resistor circuit network al4 is configured such
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that the reference resistor circuit R8 (having a resistance
value of 8r) including 8 unit resistor bodies R connected in
series is provided between the first connection electrode al12
and the second connection electrode al3. Where the unit
resistor bodies R each have a resistance value r of =802, for
example, the chip resistor al0 is configured such that the
first connection electrode al2 and the second connection
electrode al3 are connected to each other through a resistor
circuit having a resistance value of 8r=640€2.

Except the reference resistor circuit R8, the plural types of
resistor circuits to which the corresponding fuse films F are
connected in parallel are short-circuited by the correspond-
ing fuse films F. That is, 12 types of 13 resistor circuits R64
to R/32 are connected in series to the reference resistor
circuit R8, but are short-circuited by the fuse films F
connected in parallel thereto. Therefore, the resistor circuits
are not electrically incorporated in the resistor circuit net-
work al4.

In the chip resistor al0 according to this example, the fuse
films F are selectively fused off, for example, by a laser
beam according to the required resistance value. Thus, a
resistor circuit connected in parallel to a fused fuse film F is
incorporated in the resistor circuit network al4. Therefore,
the resistor circuit network al4 has an overall resistance
value which is controlled by connecting, in series, resistor
circuits incorporated by fusing off the corresponding fuse
films F.

In other words, the chip resistor al0 according to this
example is configured such that the plural types of resistor
circuits can be selectively incorporated in the resistor circuit
network by selectively fusing off the fuse films provided in
association with the plural types of resistor circuits (for
example, a serial connection circuit including the resistor
circuits R64, R32, R1 can be incorporated by fusing off the
fuse films F1, F4, F13). Since the plural types of resistor
circuits each have a predetermined resistance value, the
resistance value of the resistor circuit network al4 can be
controlled in a so-called digital manner to provide the chip
resistor al0 having the required resistance value.

Further, the plural types of resistor circuits include plural
types of serial resistor circuits which respectively include 1,
2,4, 8,16, 32 and 64 unit resistor bodies R (whose number
increases in a geometrically progressive manner) each hav-
ing the same resistance value and connected in series, and
plural types of parallel resistor circuits which respectively
include 2, 4, 8, 16 and 32 unit resistor bodies R (whose
number increases in a geometrically progressive manner)
each having the same resistance value and connected in
parallel. These resistor circuits are connected in series in a
short-circuited state by the fuse films F. Therefore, the
overall resistance value of the resistor circuit network al4
can be controlled to a desired resistance value in a wide
range from a lower resistance level to a higher resistance
level by selectively fusing off the fuse films F.

FIG. 26 is a plan view of a chip resistor a30 according to
another example of the first reference embodiment, showing
the layout of a first connection electrode al2, a second
connection electrode al3 and a resistor circuit network al4,
and the configuration of the resistor circuit network al4 as
viewed in plan. The chip resistor a30 is different from the
chip resistor al0 in that the unit resistor bodies R are
connected in a different manner in the resistor circuit net-
work al4.

More specifically, the resistor circuit network al4 of the
chip resistor a30 includes a multiplicity of unit resistor
bodies R arranged in a matrix array on a substrate all and
each having the same resistance value (in FIG. 26, the
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resistor circuit network al4 is configured to include 352 unit
resistor bodies R in total with 8 unit resistor bodies R aligned
in each row (longitudinally of the substrate all) and with 44
unit resistor bodies R aligned in each column (widthwise of
the substrate all)). The multiplicity of unit resistor bodies R
are grouped into predetermined numbers, and a predeter-
mined number of unit resistor bodies R (1 to 128 unit resistor
bodies R) in each group are electrically connected to one
another, whereby plural types of resistor circuits are formed.
The plural types of resistor circuits thus formed are con-
nected in parallel to one another via a conductor film and
fuse films F serving as circuit network connection means.
The fuse films F are arranged in a linear region alongside an
inner edge of the second connection electrode al3. With a
fuse film F fused off, a resistor circuit connected to that fuse
film is electrically isolated from the resistor circuit network
al4.

The materials for and the structures of the multiplicity of
unit resistor bodies R of the resistor circuit network al4, and
the materials for and the structures of the connection con-
ductor film and the fuse films F are the same as those in the
aforementioned chip resistor al0. Therefore, duplicate
description will be omitted. FIG. 27 is a schematic diagram
showing the connection of the plural types of resistor
circuits in the resistor circuit network shown in FIG. 26, the
layout of the fuse films F connecting the resistor circuits, and
the connection of the plural types of resistor circuits to the
fuse films F.

Referring to FIG. 27, one end of a reference resistor
circuit R/16 of the resistor circuit network al4 is connected
to the first connection electrode al2. The reference resistor
circuit R/16 includes 16 unit resistor bodies R connected in
parallel, and the other end of the reference resistor circuit
R/16 is connected to the connection conductor film C to
which the other resistor circuits are connected. A resistor
circuit R128 including 128 unit resistor bodies R connected
in series is connected at its opposite ends to a fuse film F1
and the connection conductor film C.

A resistor circuit R64 including 64 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F5 and the connection conductor film C. A resistor
circuit R32 including 32 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F6 and
the connection conductor film C. A resistor circuit R16
including 16 unit resistor bodies R connected in series is
connected at its opposite ends to a fuse film F7 and the
connection conductor film C.

A resistor circuit R8 including 8 unit resistor bodies R
connected in series is connected at its opposite ends to a fuse
film F8 and the connection conductor film C. A resistor
circuit R4 including 4 unit resistor bodies R connected in
series is connected at its opposite ends to a fuse film F9 and
the connection conductor film C. A resistor circuit R2
including 2 unit resistor bodies R connected in series is
connected at its opposite ends to a fuse film F10 and the
connection conductor film C.

A resistor circuit R1 including a single unit resistor body
R is connected at its opposite ends to a fuse film F11 and the
connection conductor film C. A resistor circuit R/2 including
2 unit resistor bodies R connected in parallel is connected at
its opposite ends to a fuse film F12 and the connection
conductor film C. A resistor circuit R/4 including 4 unit
resistor bodies R connected in parallel is connected at its
opposite ends to a fuse film F13 and the connection con-
ductor film C.

Fuse films F14, F15, F16 are electrically connected
together, and a resistor circuit R/8 including 8 unit resistor
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bodies R connected in parallel is connected at its opposite
ends to the fuse films F14, F15, F16 and the connection
conductor film C. Fuse films F17, F18, F19, F20, F21 are
electrically connected together, and a resistor circuit R/16
including 16 unit resistor bodies R connected in parallel is
connected at its opposite ends to the fuse films F17 to F21
and the connection conductor film C.

The fuse films F include 21 fuse films F1 to F21, which
are all connected to the second connection electrode al3.
With this arrangement, when a fuse film F is fused off, a
resistor circuit connected at its one end to that fuse film F is
electrically isolated from the resistor circuit network al4.

The configuration of FIG. 27, i.e., the configuration of the
resistor circuit network al4 of the chip resistor a30, is
represented by an electric circuit diagram shown in FIG. 28.
With none of the fuse films F fused off, the resistor circuit
network al4 is configured such that a parallel connection
circuit including 12 types of resistor circuits R/16, R/8, R/4,
R/2, R1, R2, R4, R8, R16, R32, R64, R128 is connected in
series to the reference resistor circuit R/16 between the first
connection electrode al2 and the second connection elec-
trode al3.

The fuse films F are respectively connected in series to the
12 types of resistor circuits except the reference resistor
circuit R/16. In the chip resistor a30 having this resistor
circuit network al4, the fuse films F are selectively fused off,
for example, by a laser beam according to the required
resistance value. Thus, a resistor circuit associated with the
fused fuse film F (a resistor circuit connected in series to the
fused fuse film F) is electrically isolated from the resistor
circuit network al4, whereby the resistance value of the chip
resistor al0 can be adjusted.

In other words, the chip resistor a30 according to this
example is also configured such that the plural types of
resistor circuits can be selectively electrically isolated from
the resistor circuit network by selectively fusing off the fuse
films provided in association with the plural types of resistor
circuits. Since the plural types of resistor circuits each have
a predetermined resistance value, the resistance value of the
resistor circuit network al4 can be controlled in a so-called
digital manner to provide the chip resistor a30 having the
required resistance value.

Further, the plural types of resistor circuits include plural
types of serial resistor circuits which respectively include 1,
2,4, 8, 16, 32, 64 and 128 unit resistor bodies R (whose
number increases in a geometrically progressive manner)
each having the same resistance value and connected in
series, and plural types of parallel resistor circuits which
respectively include 2, 4, 8 and 16 unit resistor bodies R
(whose number increases in a geometrically progressive
manner) each having the same resistance value and con-
nected in parallel. Therefore, the overall resistance value of
the resistor circuit network al4 can be finely and digitally
adjusted at a desired resistance value by selectively fusing
off the fuse films F.

In an electric circuit shown in FIG. 28, lower resistance
resistor circuits out of the reference resistor circuit R/16 and
the resistor circuits connected in parallel are liable to suffer
from overcurrent. Therefore, the lower resistance resistor
circuits should be designed to have a higher rated current in
the setting of the resistance. For distribution of electric
current, the connection configuration of the resistor circuit
network may be changed from the electric circuit shown in
FIG. 28 to an electric circuit configuration as shown in FIG.
29(A). That is, the resistor circuit network is modified with
the reference resistor circuit R/16 eliminated to include a
circuit configuration al40 such that a plurality of unit
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resistor bodies R1 each having a minimum resistance value
of r are connected in parallel.

FIG. 29(B) is an electric circuit diagram with specific
resistance values, showing a configuration al40 such that a
plurality of serial connections each including a 802 unit
resistor body and a fuse film F are connected in parallel.
Thus, the electric current flowing through the resistor circuit
can be distributed. FIG. 30 is an electric circuit diagram
showing a circuit configuration of a resistor circuit network
al4 provided in a chip resistor according further another
example of the first reference embodiment. The resistor
circuit network al4 shown in FIG. 30 has a characteristic
circuit configuration such that serial connection of plural
types of resistor circuits is connected in series to parallel
connection of plural types of resistor circuits.

As in the previous example, a fuse film F is connected in
parallel to each of the plural types of resistor circuits
connected in series, and all the plural types of resistor
circuits connected in series are short-circuited by the fuse
films F. With a fuse film F fused off, therefore, a resistor
circuit which has been short-circuited by that fuse film F is
electrically incorporated in the resistor circuit network al4.
On the other hand, a fuse film F is connected in series to each
of the plural types of resistor circuits connected in parallel.
With a fuse film F fused off, therefore, a resistor circuit
connected in series to that fuse film F is electrically isolated
from the parallel connection of the resistor circuits.

With this arrangement, for example, a resistance of
smaller than 1 kQ may be formed in the parallel connection
side, and a resistor circuit of 1 kQ or greater may be formed
in the serial connection side. Thus, a resistor circuit having
a resistance value in a wide range from a smaller resistance
value on the order of several ohms to a greater resistance
value on the order of several megaohms can be produced
from a resistor circuit network al4 designed based on the
same basic design concept. For more accurate setting of the
resistance value, a fuse film associated with a resistor circuit
having a resistance value closer to the required resistance
value in the serial connection side may be preliminarily cut.
Thus, the resistance value can be finely controlled by
selectively fusing off the fuse films associated with the
resistor circuits in the parallel connection side, whereby the
resistance value can be more accurately set to the required
resistance value.

FIG. 31 is an electric circuit diagram showing an exem-
plary configuration of a resistor circuit network al4 of a chip
resistor having a resistance value of 10Q to 1 MQ. The
resistor circuit network al4 shown in FIG. 31 also has a
circuit configuration such that serial connection of plural
types of resistor circuits short-circuited by fuse films F is
connected in series to parallel connection of plural types of
resistor circuits each connected in series to a fuse film F.

In the resistor circuit shown in FIG. 31, the resistance can
be set at a desired resistance value in a range of 10 to 1 kQ
within an accuracy of 1% in the parallel connection side.
Further, the resistance can be set at a desired resistance value
in a range of 1 k to 1 MQ within an accuracy of 1% in the
serial connection side. Where the resistor circuits in the
serial connection side are used for the setting, the resistance
can be advantageously adjusted at the desired resistance
value with a higher accuracy by preliminarily fusing off a
fuse film F associated with a resistor circuit having a
resistance value closer to the desired resistance value.

In the above description, the fuse films F are located at the
same level as the connection conductor films C, but an
additional conductor film may be provided on the respective
connection conductor films C to reduce the resistance values
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of the connection conductor films C. Alternatively, portions
of the resistive film underlying the connection conductor
films C may be obviated. Even in this case, the fusibility of
the fuse films F is not reduced as long as the additional
conductor film is not present on the fuse films F.

FIG. 32 are schematic plan views for explaining the
structure of a major portion of a chip resistor a90 according
to further another example of the first reference embodi-
ment. In the chip resistor al0 (see FIGS. 19 and 20) and the
chip resistor a30 (see FIG. 26), for example, a resistive film
line a20 and conductive film pieces a21 of a resistor circuit
are configured in a relationship as shown in plan in FIG.
32(A). That is, as shown in FIG. 32(A), a portion of the
resistive film line a20 defined between the conductive film
pieces a2l spaced the predetermined distance R defines a
unit resistor body R having a predetermined resistance value
r. The conductive film pieces a2l are provided on the
resistive film line a20 on opposite sides of the unit resistor
body R to cause short circuit in the resistive film line a20.

In the chip resistor a10 and the chip resistor a30 described
above, the portion of the resistive film line a20 defining the
unit resistor body R has a length of, for example, 12 um, and
the resistive film line a20 has a width of, for example, 1.5 pm
and a unit resistance (sheet resistance) of 10Q/[]. Therefore,
the resistance value r of the unit resistor body R is r=80Q.
There is a demand for increasing the resistance of the chip
resistor al0 shown in FIGS. 19 and 20, for example, by
increasing the resistance value of the resistor circuit network
al4 without increasing the area of the resistor circuit net-
work al4.

In the chip resistor a90 according to this example, the
layout of the resistor circuit network al4 is changed, and the
unit resistor bodies of the respective resistor circuits of the
resistor circuit network are each configured and dimen-
sioned as shown in plan in FIG. 32(B). Referring to FIG.
32(B), the resistive film line a20 includes a resistive film line
a20 linearly extending and having a width of 1.5 pm. A
portion of the resistive film line a20 defined between con-
ductive film pieces a21 spaced a predetermined distance R'
defines a unit resistor body R' having a predetermined
resistance value r'. The unit resistor body R' has a length of,
for example, 17 um. Thus, the unit resistor body R' has a
resistance value r' of 1602 which is generally twice that of
the unit resistor body R shown in FIG. 32(A).

Further, the conductive film pieces a2l provided on the
resistive film line a20 each have the same length in FIGS.
32(A) and 32(B). Therefore, the resistance of the chip
resistor a90 can be increased by changing the layout of the
unit resistor bodies R' of the respective resistor circuits of the
resistor circuit network al4 so that the unit resistor bodies R’
can be connected in series.

FIG. 33 is a flow diagram showing an exemplary produc-
tion process for the chip resistor al0 described with refer-
ence to FIGS. 19 to 25. A production method for the chip
resistor al0 will be described in detail according to the
production process of the flow diagram and, as required,
referring to FIGS. 19 to 25.

Step S1: First, a substrate all (in practice, a silicon wafer
(see FIG. 35) before being divided into individual chip
resistors al0) is placed in a predetermined treatment cham-
ber, and a silicon dioxide (SiO,) layer is formed as an
insulative layer al9 in a surface of the substrate all, for
example, by a thermal oxidation method.

Step S2: Then, a resistive film a20 of at least one material
selected from the group consisting of NiCr, NiCrAl, NiCrSi,
NiCrSiAl, TaN, TaSiO,, TiN, TiON and TiSiON (e.g., a
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resistive film a20 of TiN, TiON or TiSiON) is formed on the
entire surface of the insulative layer a19, for example, by a
sputtering method.

Step S3: In turn, an interconnection film a21 such as of
aluminum (Al) is formed on the entire surface of the
resistive film a20, for example, by a sputtering method. The
total thickness of the resistive film a20 and the interconnec-
tion film a21 thus formed may be about 8000 A. The
interconnection film a21 may be formed from an aluminum-
containing metal film such as of AlSi, AlISiCu or AlCu,
rather than formed from Al. The processing accuracy can be
improved by forming the interconnection film a21 from the
aluminum-containing metal film such as of Al, AlSi, AlSiCu
or AlCu.

Step S4: Subsequently, a resist pattern corresponding to
the plan configuration of resistor circuit networks al4 (a
layout pattern including conductor films C and fuse films F)
is formed on the surface of the interconnection film a21 by
a photolithography process (first resist pattern forming step).

Step S5: Then, a first etching step is performed. That is,
the resistive film a20 and the interconnection film a2l
formed in a double layer structure are etched, for example,
by reactive ion etching (RIE) with the use of the first resist
pattern formed in Step S4 as a mask. After the etching, the
first resist pattern is removed.

Step S6: A second resist pattern is formed by a photoli-
thography process. The second resist pattern formed in Step
S6 is a pattern for selectively removing the interconnection
film a21 formed on the resistive film a20 to define unit
resistor bodies R (each indicated by a finely dotted area in
FIG. 20).

Step S7: Only the interconnection film a21 is selectively
etched, for example, by wet etching with the use of the
second resist pattern formed in Step S6 as a mask (second
etching step). After the etching, the second resist pattern is
removed. Thus, the layout pattern of the resistor circuit
networks al4 each shown in FIG. 20 is provided.

Step S8: At this stage, the resistance (overall resistance
value) of each of the resistor circuit networks al4 formed on
the substrate surface is measured. The measurement is
performed, for example, by bringing multi-probe pins into
contact with an end of the resistor circuit network al4 to be
connected to the first connection electrode al2 and the fuse
films and an end of the resistor circuit network al4 to be
connected to the second connection electrode al3. Through
the measurement, the initial state of each of the resistor
circuit networks al4 thus produced is checked.

Step S9: Then, a cover film a22a of, for example, a nitride
film is formed over the entire surface of the resistor circuit
networks al4 formed on the substrate all. The cover film
a22a may be an oxide film (SiO, film) rather than the nitride
film (SiN film). The formation of the cover film a22a may
be achieved by a plasma CVD method. The cover film a22a
may be, for example, a silicon nitride film (SiN film) having
a thickness of about 3000 A. The cover film a22a covers the
interconnection film a21, the resistive film a20 and the fuse
films F previously patterned.

Step S10: In this state, the fuse films F are selectively
fused off by laser trimming for adjusting the resistance of
each of the chip resistors al0 at a desired resistance value.
That is, as shown in FIG. 34(A), a laser beam is applied to
a fuse film F selected according to the results of the
measurement of the overall resistance value in Step S8 to
fuse off the selected fuse film F and a portion of the resistive
film a20 underlying the fuse film F. Thus, a resistor circuit
which has been short-circuited by that fuse film F is incor-
porated into the resistor circuit network ald, so that the
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resistance of the resistor circuit network al4 can be adjusted
at the desired resistance value. When the laser beam is
applied to the fuse film F, the energy of the laser beam is
accumulated around the fuse film F by the function of the
cover film a22a, whereby the fuse film F and the underlying
portion of the resistive film a20 are fused off.

Step S11: Then, as shown in FIG. 34(B), a silicon nitride
film is deposited on the cover film a22a, for example, by a
plasma CVD method, whereby a passivation film a22 is
formed. The cover film a22a described above is finally
unified with the passivation film a22 to form a part of the
passivation film a22. The passivation film a22 formed after
the fuse-off of the fuse film F and the underlying resistive
film port ion a20 partly enters a hole a22b formed in the
cover film a22a when the cover film a22a is partly broken
during the fuse-off of the fuse film F and the underlying
resistive film portion a20, and protects broken surfaces of
the fuse film F and the underlying resistive film portion a20.
Therefore, the passivation film a22 prevents foreign matter
and moisture from intruding into the fuse-off portion of the
fuse film F. The passivation film a22 may have an overall
thickness of, for example, about 1000 to about 20000 A
(e.g., about 8000 A). As described above, the passivation
film a22 may be a silicon oxide film.

Step S12: Then, as shown in FIG. 34(C), a resin film a23
is applied over the resulting substrate. A photosensitive
polyimide coating film a23, for example, is used as the resin
film a23.

Step S13: The resin film a23 is patterned by photolithog-
raphy by exposing regions of the resin film a23 correspond-
ing to openings for first and second connection electrodes
al2, al3 and then developing the resulting resin film a23.
Thus, pad openings for the first and second connection
electrodes al2, al3 are formed in the resin film a23.

Step S14: Thereafter, the resin film a23 is heat-treated to
be cured (polyimide curing). Thus, the polyimide film a23 is
stabilized by the heat treatment. The heat treatment may be
performed at a temperature of, for example, about 170° C.
to about 700° C. As a result, the characteristic properties of
the resistor bodies (the resistive film a20 and the patterned
interconnection film a21) are advantageously stabilized.

Step S15: Then, the polyimide film a23 having the
through-holes in regions to be formed with the first and
second connection electrodes al2, al3 is used as a mask to
etch the passivation film a22. Thus, pad openings for expos-
ing portions of the interconnection film a21 to be formed
with the first and second connection electrodes al2, al3 are
formed in the passivation film a22. The etching of the
passivation film a22 may be achieved by reactive ion etching
(RIE).

Step S16: The resistance is measured (after-measurement
is performed) with the multi-probe pins in contact with the
portions of the interconnection film a21 exposed from each
pair of pad openings for confirming that the chip resistors
each have a desired resistance value. By performing the
after-measurement, i.e., by sequentially performing the ini-
tial measurement, the fuse-off of the fuse film F (laser repair)
and the after-measurement, the trimming process efficiency
for the chip resistors al0 is significantly improved.

Step S17: The first and second connection electrodes al2,
al3 are formed as external connection electrodes in the each
pair of pad openings, for example, by an electroless plating
method.

Step S18: Thereafter, a third resist pattern is formed by
photolithography for separating the multiplicity of chip
resistors (e.g., 500,000 chip resistors) formed on the wafer
surface from each other. The resist film is configured such
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that the chip resistors al0, for example, shown in FIG. 36
can be protected on the wafer surface and a region of the
wafer surface defined between the respective chip resistors
al0 can be etched.

Step S19: Then, plasma dicing is performed. The plasma
dicing is an etching method by which a trench having a
predetermined depth as measured from the surface of the
substrate all is formed between the chip resistors al0 in the
substrate all with the use of the third resist pattern as a
mask. Thereafter, the resist film is removed.

Step S20: Then, a protective tape al00 is bonded to a front
surface of the resulting substrate as shown in FIG. 35(A).

Step S21: Subsequently, a back surface of the silicon
wafer is ground to separate the chip resistors al0 from each
other (FIGS. 35(A) and 35(B)).

Step S22: Then, as shown in FIG. 35(C), a carrier tape
(thermally foamable sheet) a200 is bonded to the back
surface, whereby the multiplicity of chip resistors al0 sepa-
rated from each other are held in an array on the carrier tape
a200. On the other hand, the protective tape is removed from
the front surface (FIG. 35(D)).

Step S23: When the thermally foamable sheet a200 is
heated, thermally expandable particles a201 contained in the
thermally foamable sheet a200 are expanded, whereby the
chip resistors al0 bonded to the surface of the carrier tape
a200 are removed from the carrier tape a200 to be separated
from each other (FIGS. 35(E) and 35(F)). FIG. 37 is a
perspective view showing the appearance of a smartphone as
an exemplary electronic device which employs the chip
component according to the first reference embodiment. The
smartphone a201 includes electronic components provided
in a housing a202 having a flat rectangular prismatic shape.
The housing a202 has a pair of rectangular major surfaces on
its front and back sides, and the pair of major surfaces are
connected to each other by four side surfaces. A display
screen of a display panel a203 such as a liquid crystal panel
or an organic EL panel is exposed on one of the major
surfaces of the housing a202. The display screen of the
display panel a203 serves as a touch panel to provide an
input interface to a user.

The display panel a203 has a rectangular shape occupying
the most of the one major surface of the housing a202.
Operation buttons a204 are provided alongside one shorter
edge of the display panel a203. In this example, a plurality
of operation buttons a204 (three operation buttons a204) are
arranged alongside the shorter edge of the display panel
a203. The user operates the smartphone a201 by operating
the operation buttons a204 and the touch panel to call and
execute a necessary function.

A speaker a205 is disposed adjacent the other shorter edge
of the display panel a203. The speaker a205 serves as a
reception port for a telephone function, and as an audio unit
for playing music data and the like. On the other hand, a
microphone a206 is provided adjacent the operation buttons
a204 on one of the side surfaces of the housing a202. The
microphone a206 serves as a transmission port for the
telephone function, and as a microphone for recording.

FIG. 38 is a schematic plan view showing the configu-
ration of an electronic circuit assembly a210 accommodated
in the housing a202. The electronic circuit assembly a210
includes a wiring substrate a211, and circuit components
mounted on a mount surface of the wiring substrate a211.
The circuit components include a plurality of integrated
circuit elements (ICs) a212 to a220, and a plurality of chip
components. The ICs include a transmission IC a212, a
so-called One-Seg TV receiving IC a213, a GPS receiving
IC a214, an FM tuner IC a215, a power source IC a216, a
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flash memory a217, a microcomputer a218, a power source
IC a219, and a base band IC a220. The chip components
include chip inductors a221, a225, a235, chip resistors a222,
a224, a233, chip capacitors a227, a230, a234, and chip
diodes a228, a231. The chip resisters a222, a224, a233 each
have a configuration according to the first reference embodi-
ment.

The transmission IC a212 incorporates an electronic cir-
cuit which generates display control signals for the display
panel a203 and receives signals inputted from the touch
panel on the surface of the display panel a203. A flexible
interconnection a209 is connected to the transmission IC
a212 for connection to the display panel a203. The One-Seg
TV receiving IC a213 incorporates an electronic circuit
which serves as a receiver for receiving signals of so-called
One-Seg broadcast (terrestrial digital television broadcast
for mobile devices). The chip inductors a221 and the chip
resistors a222 are provided adjacent the One-Seg TV receiv-
ing IC a213. The One-Seg TV receiving IC a213, the chip
inductors a221 and the chip resistors a222 constitute a
One-Seg broadcast receiving circuit a223. The chip induc-
tors a221 each have an accurately adjusted inductance, and
the chip resistors a222 each have an accurately adjusted
resistance. Thus, the One-Seg broadcast receiving circuit
a223 has a highly accurate circuit constant.

The GPS receiving IC a214 incorporates an electronic
circuit which receives signals from a GPS satellite and
outputs the positional information of the smartphone a201.
The FM tuner IC a215, and the chip resistors a224 and the
chip inductors a225, which are mounted adjacent the FM
tuner IC a215 on the wiring substrate a211, constitute an FM
broadcast receiving circuit a226. The chip resistors a224
each have an accurately adjusted resistance, and the chip
inductors a225 each have an accurately adjusted inductance.
Thus, the FM broadcast receiving circuit a226 has a highly
accurate circuit constant.

The chip capacitors a227 and the chip diodes a228 are
mounted adjacent the power source IC a216 on the mount
surface of the wiring substrate a211. The power source 1C
a216, the chip capacitors a227 and the chip diodes a228
constitute a power source circuit a229. The flash memory
a217 is a storage which stores an operating system program,
data generated in the smartphone a201, and data and pro-
grams acquired from the outside by communication func-
tion.

The microcomputer a218 incorporates a CPU, a ROM and
a RAM, and serves as a processing circuit which performs
avariety of processing operations to execute functions of the
smartphone a201. More specifically, the microcomputer
a218 performs processing operations for image processing
and a variety of application programs. The chip capacitors
a230 and the chip diodes a231 are mounted adjacent the
power source IC a219 on the mount surface of the wiring
substrate a211. The power source IC a219, the chip capaci-
tors a230 and the chip diodes a231 constitute a power source
circuit a232.

The chip resistors a233, the chip capacitors a234 and the
chip inductors a235 are mounted adjacent the base band IC
a220 on the mount surface of the wiring substrate a211. The
base band IC a220, the chip resistors a233, the chip capaci-
tors a234 and the chip inductors a235 constitute a base band
communication circuit a236. The base band communication
circuit a236 provides communication functions for tele-
phone communications and data communications.

With this arrangement, electric power properly controlled
by the power source circuits a229, a232 is supplied to the
transmission IC a212, the GPS receiving IC a214, the
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One-Seg broadcast receiving circuit a223, the FM broadcast
receiving circuit a226, the base band communication circuit
a236, the flash memory a217 and the microcomputer a218.
The microcomputer a218 performs a processing operation in
response to input signals inputted thereto via the transmis-
sion IC a212, and outputs display control signals from the
transmission IC a212 to the display panel a203 to cause the
display panel a203 to perform a variety of display opera-
tions.

When a command for receiving One-Seg broadcast is
given by operating the touch panel or the operation buttons
a204, the One-Seg broadcast is received by the function of
the One-Seg broadcast receiving circuit a223. Then, a pro-
cessing operation for outputting a received image on the
display panel a203 and outputting a received sound from the
speaker a205 is performed by the microcomputer a218.
When the positional information of the smartphone a201 is
required, the microcomputer a218 acquires positional infor-
mation outputted from the GPS receiving IC a214 and
performs a processing operation using the positional infor-
mation.

Further, when a command for receiving FM broadcast is
inputted by operating the touch panel or the operation
buttons a204, the microcomputer a218 actuates the FM
broadcast receiving circuit a226 and performs a processing
operation for outputting a received sound from the speaker
a205. The flash memory a217 is used for storing data
acquired through communications, and for storing data
generated by performing a processing operation by the
microcomputer a218 or data generated by inputting from the
touch panel. As required, the microcomputer a218 writes
data in the flash memory a217 and reads data from the flash
memory a217.

The functions of the telephone communications and the
data communications are performed by the base band com-
munication circuit a236. The microcomputer a218 controls
the base band communication circuit a236 to perform opera-
tions for transmitting and receiving sounds and data.
<Second Reference Embodiment of Present Invention>
(1) Inventive Features of Second Reference Embodiment

The second reference embodiment has, for example, the
following inventive features (B1) to (B16):

(B1) A chip resistor is provided, which includes: a substrate;
a first electrode and a second electrode provided on the
substrate; a first resistor circuit network including a
plurality of first resistor elements which each include a
first resistive film provided on the substrate, and a first
interconnection film provided on the first resistive film in
contact with the first resistive film, the first resistive film
being made of a first material having a positive resistance
temperature coefficient; a second resistor circuit network
connected to the first resistor circuit network and includ-
ing a plurality of second resistor elements which each
include a second resistive film provided on the substrate,
and a second interconnection film provided on the second
resistive film in contact with the second resistive film, the
second resistive film being made of a second material
having a negative resistance temperature coefficient; a
plurality of first fuses which respectively disconnectably
connect the first resistor elements to the first electrode;
and a plurality of second fuses which respectively dis-
connectably connect the second resistor elements to the
second electrode.

With this arrangement, one or more of the first fuses are
selectively disconnected to isolate desired one(s) of the first
resistor elements from the first resistor circuit network or
incorporate desired one(s) of the first resistor elements into

35

40

45

38

the first resistor circuit network in the chip resistor. Simi-
larly, one or more of the second fuses are selectively
disconnected to isolate desired one(s) of the second resistor
elements from the second resistor circuit network or incor-
porate desired one(s) of the second resistor elements into the
second resistor circuit network. Thus, the resistance of the
overall chip resistor can be adjusted at a desired resistance
value. Therefore, the chip resistor can be easily and speedily
adapted for a plurality of resistance values. That is, the chip
resistor can be easily adapted for a plurality of resistance
requirements based on the same structural design concept.
The first resistor circuit network having a positive resistance
temperature coefficient and the second resistor circuit net-
work having a negative resistance temperature coeflicient
are connected to each other, whereby the absolute value of
the resistance temperature coeflicient of the overall chip
resistor can be reduced. This improves the accuracy of the
chip resistor.

(B2) In the chip resistor of the feature (B1), the first resistive
film is made of TiON or TiONSi having an oxygen
composition ratio controlled so as to have a positive
resistance temperature coefficient, and the second resis-
tive film is made of TiON or TiONSi having an oxygen
composition ratio controlled so as to have a negative
resistance temperature coefficient.

With this arrangement, the first resistive film having a
positive resistance temperature coefficient and the second
resistive film having a negative resistance temperature coef-
ficient can be each formed of TiON or TiONSi having a
properly controlled oxygen composition ratio.

(B3) In the chip resistor of the feature (B1) or (B2), the
resistance temperature coeflicient is not greater than 300
pp/° C. in absolute value.

With this arrangement, the resistance temperature coeffi-
cient of the overall chip resistor has a smaller absolute value,
i.e., 300 ppny/° C. or smaller. This improves the accuracy of
the chip resistor.

(B4) The chip resistor of any of the features (B1) to (B3)
further includes a third electrode which connects the first
resistor circuit network and the second resistor circuit
network to each other. With this arrangement, the resis-
tance value of the overall first resistor circuit network is
measured between the first electrode and the third elec-
trode, and the resistance value of the overall second
resistor circuit network is measured between the second
electrode and the third electrode. Thus, resistances to be
provided by the trimming in the first resistor circuit
network and the second resistor circuit network are cal-
culated based on the required resistance value of the
overall chip resistor, and a first fuse and a second fuse to
be disconnected for providing the resistances are selected.

(B5) The chip resistor of the feature (B4) further includes a
protective film which covers the first resistor circuit
network, the second resistor circuit network and the third
electrode with the first electrode and the second electrode
being exposed therefrom.

With this arrangement, the first resistor circuit network,
the second resistor circuit network and the third electrode
can be protected by the protective film.

(B6) In the chip resistor of the feature (B5), at least one of
the first fuses and the second fuses is disconnected, and a
disconnection surface of the disconnected fuse is covered
with the protective film.

With this arrangement, the protective film prevents for-
eign matter and moisture from entering the disconnected
portion of the fuse, thereby improving the reliability of the
chip resistor.
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(B7) The protective film may be made of SiN.

(B8) The chip resistor of any one of the features (B5) to (B7)
further includes a resin film covering the protective film.
With this arrangement, the first resistor circuit network,

the second resistor circuit network and the third electrode

can be protected doubly by the protective film and the resin
film.

(B9) The resin film may be made of a polyimide.

(B10) In the chip resistor of the feature (B8) or (B9), the first
electrode and the second electrode are exposed from the
resin film.

With this arrangement, the chip resistor can be electrically
connected to a mount substrate via the first electrode and the
second electrode exposed from the resin film when being
mounted on the mount substrate.

(B11) The first interconnection film and the second inter-
connection film may be made of Al

(B12) The first fuse and the second fuse may be made of Al.

(B13) In the chip resistor of any one of the features (B11) to
(B12), the first electrode and the second electrode each
include an Ni layer and an Au layer, and the Au layer is
exposed on an outermost surface.

With this arrangement, the Au layer covers the surface of
the Ni layer of each of the electrodes, thereby preventing
oxidation of the Ni layer.

(B14) In the chip resistor of the feature (B13), the first
electrode and the second electrode each further include a
Pd layer provided between the Ni layer and the Au layer.
With this arrangement, even if the Au layer has a through-
hole (pin hole) because of its smaller thickness, the Pd
layer provided between the Ni layer and the Au layer
closes the through-hole. This prevents the Ni layer from
being exposed to the outside through the through-hole and
oxidized.

(B15) A circuit assembly preferably includes the chip resis-
tor.

(B16) An electronic device preferably includes the chip
resistor.

(2) Examples of Second Reference Embodiment of Present

Invention
Examples of the second reference embodiment will here-

inafter be described in detail with reference to the attached
drawings. Reference characters shown in FIGS. 39 to 54 are
effective only in FIGS. 39 to 54, so that components
designated by these reference characters may be different
from those designated by the same reference characters in
other embodiments.

FIG. 39(a) is a schematic perspective view for explaining
the construction of a chip resistor according to an example
of the second reference embodiment. The chip resistor b1 is
a minute chip component, and has a rectangular prismatic
shape as shown in FIG. 39(a). The chip resistor bl has a
rectangular plan shape defined by two perpendicularly inter-
secting edges (a longer edge b81 and a shorter edge b82),
one of which has a length of not greater than 0.4 mm and the
other of which has a length of not greater than 0.2 mm. More
preferably, the chip resistor bl is dimensioned such as to
have a length L (a length of the longer edge b81) of about
0.3 mm, a width W (a length of the shorter edge b82) of
about 0.15 mm, and a thickness T of about 0.1 mm.

The chip resistor bl is obtained by forming a multiplicity
of chip resistors bl in a lattice form on a substrate, then
forming a trench in the substrate, and grinding aback surface
of the substrate (or dividing the substrate along the trench)
to separate the chip resistors b1 from each other. The chip
resistor bl principally includes a substrate b2 which consti-
tutes a main body of the chip resistor b1, a first electrode b3
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and a second electrode b4 serving as a pair of external
connection electrodes, and a device portion b5 connected to
the outside via the first electrode b3 and the second electrode
b4.

The substrate b2 has a generally rectangular prismatic
chip shape. An upper surface of the substrate b2 as seen in
FIG. 39(a) is a front surface b2A. The front surface b2A is
a surface of the substrate b2 on which the device portion b5
is provided, and has a generally rectangular shape. A surface
of the substrate b2 opposite from the front surface b2A with
respect to the thickness of the substrate b2 is a back surface
b2B. The front surface b2A and the back surface b2B have
substantially the same size and substantially the same shape,
and are parallel to each other. The front surface b2A has a
rectangular edge portion b85 defined along a pair of longer
edges b81 and a pair of shorter edges b82 thereof, and the
back surface b2B has a rectangular edge portion b90 defined
along a pair of longer edges b81 and a pair of shorter edges
b82 thereof. The edge portion b85 and the edge portion b90
coincide with each other when being seen in a normal
direction perpendicular to the front surface b2A (back sur-
face b2B).

In addition to the front surface b2A and the back surface
b2B, the substrate b2 has side surfaces (i.e., a side surface
b2C, a side surface b2D, a side surface b2E and a side
surface b2F). The side surfaces intersect (specifically,
orthogonally intersect) the front surface b2A and the back
surface b2B to connect the front surface b2A and the back
surface b2B to each other. The side surface b2C is disposed
between shorter edges b82 of the front surface b2A and the
back surface b2B on one of longitudinally opposite sides (on
a left front side in FIG. 39(a)). The side surface b2D is
disposed between shorter edges b82 of the front surface b2A
and the back surface b2B on the other of the longitudinally
opposite sides (on a right rear side in FIG. 39(a)). The side
surfaces b2C, b2D are longitudinally opposite end faces of
the substrate b2. The side surface b2E is disposed between
longer edges b81 of the front surface b2A and the back
surface b2B on one of widthwise opposite sides (on a left
rear side in FIG. 39(a)). The side surface b2F is disposed
between longer edges b81 of the front surface b2A and the
back surface b2B on the other of the widthwise opposite
sides (on a right front side in FIG. 39(a)). The side surfaces
b2E, b2F are widthwise opposite end faces of the substrate
b2. The side surfaces b2C, b2D intersect (specifically,
orthogonally intersect) the side surfaces b2E, b2F. There-
fore, a right angle is defined between adjacent ones of the
front surface b2A to the side surface b2F.

The front surface b2 A and the side surfaces b2C to b2F of
the substrate b2 are entirely covered with a passivation film
b23 (protective film). More strictly, therefore, the front
surface b2A and the side surfaces b2C to b2F are entirely
located on an inner side (back side) of the passivation film
b23, and are not exposed to the outside in FIG. 39 (a).
Further, the chip resistor b1 has a resin film b24. The resin
film b24 covers the entire passivation film b23 on the front
surface b2A (the edge portion b85 and a portion inward of
the edge portion b85). The passivation film b23 and the resin
film b24 will be detailed later.

The first electrode b3 and the second electrode b4 are
provided inward of the edge portion b85 (in spaced relation
from the edge portion b85) on the front surface b2A of the
substrate b2, and projects from the resin film b24 on the front
surface b2 A to be partly exposed from the resin film b24. In
other words, the resin film b24 covers the front surface b2A
(strictly, the passivation film b23 on the front surface b2A)
with the first electrode b3 and the second electrode b4 being
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exposed therefrom. The first electrode b3 and the second
electrode b4 each have a structure such that an Ni (nickel)
layer, a Pd (palladium) layer and an Au (gold) layer are
stacked in this order on the front surface b2A. The first
electrode b3 and the second electrode b4 are spaced from
each other longitudinally of the front surface b2A, and are
each elongated widthwise of the front surface b2A. On the
front surface b2A, the first electrode b3 is disposed closer to
the side surface b2C, and the second electrode b4 is disposed
closer to the side surface b2D in FIG. 39 (a). The first
electrode b3 and the second electrode b4 have substantially
the same size and substantially the same shape as seen in
plan in the normal direction.

The device portion b5 is a circuit element, which is
provided between the first electrode b3 and the second
electrode b4 on the front surface b2A of the substrate b2, and
is covered with the passivation film b23 and the resin film
b24 from the upper side. In this example, the device portion
b5 is a resistor portion b56. The resistor portion b56 is a
resistor circuit network including a plurality of (unit) resistor
bodies R each having the same resistance value and arranged
in an matrix array on the front surface b2A. The resistor
bodies R are each made of TiON (titanium oxide nitride) or
TiONSi (TiSiON).

The chip resistor bl includes a third electrode b6 in
addition to the first electrode b3 and the second electrode b4.
The third electrode b6 is provided on the front surface b2A,
and has a rectangular shape elongated widthwise of the front
surface b2A. In FIG. 39(a), the third electrode b6 has
substantially the same length as the first electrode b3 and the
second electrode b4, and a smaller width than the first
electrode b3 and the second electrode b4, for example, about
a half the widths of the first electrode b3 and the second
electrode b4. The third electrode b6 has a smaller thickness
than the first electrode b3 and the second electrode b4.

The third electrode b6 is provided between the first
electrode b3 and the second electrode b4 and equidistantly
spaced from the first electrode b3 and the second electrode
b4 on the front surface b2A. Thus, the device portion b5
(resistor portion b56) on the front surface b2A is divided in
a first resistor circuit network b31 adjacent to the first
electrode b3 and a second resistor circuit network b32
adjacent to the second electrode b4 by the third electrode b6.

The first resistor circuit network b31 is electrically con-
nected to a portion of an interconnection film b22 to be
described later, and electrically connected to the first elec-
trode b3 and the third electrode b6 via the interconnection
film portion b22. The second resistor circuit network b32 is
electrically connected to a portion of the interconnection
film b22, and electrically connected to the second electrode
b4 and the third electrode b6 via the interconnection film
portion b22. That is, the third electrode b6 is provided
between the first resistor circuit network b31 and the second
resistor circuit network b32 to connect the first resistor
circuit network b31 and the second resistor circuit network
b32 to each other. In other words, the first resistor circuit
network b31 and the second resistor circuit network b32 are
connected to each other via the third electrode b6.

As described above, the first electrode b3 and the second
electrode b4 are partly exposed from the resin film b24,
while the third electrode b6 thinner than the first electrode b3
and the second electrode b4 is covered with the passivation
film b23 and the resin film b24 and is not exposed to the
outside. FIG. 39(b) is a schematic sectional view of a circuit
assembly taken longitudinally of the chip resistor, which is
mounted on a mount substrate. In FIG. 39(b), only major
portions are illustrated in section.
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As shown in FIG. 39(b), the chip resistor b1 is mounted
on the mount substrate b9. In this state, the chip resistor bl
and the mount substrate b9 constitute a circuit assembly
b100. In FIG. 39(b), an upper surface of the mount substrate
b9 serves as a mount surface b9A. A pair of lands b88 (two
lands b88) connected to an internal circuit (not shown) of the
mount substrate b9 are provided on the mount surface b9A.
The lands b88 are each made of, for example, Cu. Solder
pieces b13 are provided on surfaces of the respective lands
b88 as projecting from the surfaces.

When the chip resistor bl is to be mounted on the mount
substrate b9, a suction nozzle b91 of an automatic mounting
machine (not shown) sucks the back surface b2B of the chip
resistor bl and is moved to transport the chip resistor b1. At
this time, the suction nozzle b91 sucks a generally longitu-
dinally middle portion of the back surface b2B. Then, the
suction nozzle b91 sucking the chip resistor b1 is moved to
the mount substrate b9. At this time, the front surface b2A
of the chip resistor b1 is opposed to the mount surface b9A
of the mount substrate b9. In this state, the suction nozzle
b91 is moved to be pressed against the mount substrate b9,
whereby the first electrode b3 of the chip resistor bl is
brought into contact with the solder piece b13 on one of the
lands b88 and the second electrode b4 is brought into contact
with the solder piece b13 on the other land b88. Then, the
solder pieces b13 are heated to be melted. When the solder
pieces b13 are thereafter cooled to be solidified, the first
electrode b3 is bonded to the one land b88 and the second
electrode b4 is bonded to the other land b88 by the respec-
tive solder pieces b13. That is, the first electrode b3 and the
second electrode b4 are soldered to the two lands b88. Thus,
the chip resistor b1 is mounted on the mount substrate b9
(through flip-chip connection), whereby the circuit assembly
b100 is completed. The first electrode b3 and the second
electrode b4 functioning as the external connection elec-
trodes are desirably formed of gold (Au) or surface-plated
with gold as will be described later for improvement of
solder wettability and for improvement of reliability.

The construction of the chip resistor b1 will be further
detailed. FIG. 40 is a plan view of the chip resistor showing
the layout of the first electrode, the second electrode, the
third electrode and the device portion, and the structure
(layout pattern) of the device portion as viewed in plan. In
FIG. 40, the chip resistor b1 is illustrated such that the ratio
of the length L to the width W thereof is different from that
in FIG. 39 for convenience of description.

Referring to FIG. 40, the first resistor circuit network b31
and the second resistor circuit network b32 of the device
portion b5 each include, for example, 352 resistor bodies R
in total with 8 resistor bodies R aligned in each row
(longitudinally of the substrate b2) and with 44 resistor
bodies R aligned in each column (widthwise of the substrate
b2). These resistor bodies R are device elements constituting
each of the first resistor circuit network b31 and the second
resistor circuit network b32. Here, the first resistor circuit
network b31 and the second resistor circuit network b32 are
different in the characteristic property (resistance tempera-
ture coefficient to be described later) of the resistor bodies R.
In the following description, therefore, the resistor bodies R
of the first resistor circuit network b31 are each hereinafter
sometimes referred to as “first resistor body R1”, and the
resistor bodies R of the second resistor circuit network b32
are each hereinafter sometimes referred to as “second resis-
tor body R2”.

In each the first resistor circuit network b31 and the
second resistor circuit network b32, the multiplicity of
resistor bodies R are grouped in predetermined numbers,



US 9,484,135 B2

43

and a predetermined number of resistor bodies R (1 to 64
resistor bodies R) in each group are electrically connected to
one another, whereby plural types of resistor circuits are
formed. The plural types of resistor circuits thus formed are
connected to one another in a predetermined form via
conductor films D (film interconnections made of a conduc-
tor). Further, a plurality of disconnectable (fusible) fuses F
are provided on the front surface b2 A of the substrate b2 for
electrically incorporating the resistor circuits into the device
portion b5 (the first resistor circuit network b31 or the
second resistor circuit network b32) or electrically isolating
the resistor circuits from the device portion b5. The fuses F
and the conductor films D are arranged in a linear region
alongside an inner edge of each of the first electrode b3 and
the second electrode b4. More specifically, the fuses F and
the conductor films D are arranged in adjacent relation in a
linear arrangement direction alongside the inner edge of
each of the first electrode b3 and the second electrode b4.
The fuses F arranged alongside the inner edge of the first
electrode b3 (sometimes referred to as “first fuses F1”)
disconnectably (separably) connect the plural types of resis-
tor circuits (each including a plurality of first resistor bodies
R1) to the first electrode b3 (between the first electrode b3
and the third electrode b6). The fuses F arranged alongside
the inner edge of the second electrode b4 (sometimes
referred to as “second fuses F2”) disconnectably (separably)
connect the plural types of resistor circuits (each including
a plurality of second resistor bodies R2) to the second
electrode b4 (between the second electrode b4 and the third
electrode b6).

FIG. 41A is a plan view illustrating a part of the device
portion shown in FIG. 40 on an enlarged scale. FIG. 41B is
a longitudinal vertical sectional view taken along a line B-B
in FIG. 41A for explaining the structure of the resistor
bodies of the device portion. FIG. 41C is a widthwise
vertical sectional view taken along a line C-C in FIG. 41A
for explaining the structure of the resistor bodies of the
device portion. Referring to FIGS. 41A, 41B and 41C, the
structure of the resistor bodies R will be described.

The chip resistor bl includes an insulative layer b20 and
a resistive film b21 in addition to the interconnection film
b22, the passivation film b23 and the resin film b24
described above (see FIGS. 41B and 41C). The insulative
layer b20, the resistive film b21, the interconnection film
b22, the passivation film b23 and the resin film b24 are
provided on the substrate b2 (on the front surface b2A). The
insulative layer b20 is made of SiO, (silicon oxide). The
insulative layer b20 covers the entire front surface b2A of
the substrate b2. The insulative layer b20 has a thickness of
about 10000 A.

The resistive film b21 is provided on the insulative layer
b20. Since the resistor bodies R are formed from the
resistive film b21, a part of the resistive film b21 present in
the first resistor circuit network b31 is referred to as “first
resistive film b21A” and a part of the resistive film b21
present in the second resistor circuit network b32 is referred
to as “second resistive film b21B” (see FIG. 43 to be
described later) as in the case of the designation of the
resistor bodies R. The resistive film b21 is made of TiN,
TiON or TiSiON. The resistive film b21 has a thickness of
about 2000 A. The resistive film b21 includes a plurality of
resistive film portions (hereinafter referred to as “resistive
film lines b21L”) extending linearly parallel to each other
between the first electrode b3 and the third electrode b6 and
between the second electrode b4 and the third electrode b6.
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Some of the resistive film lines b21L are cut at predeter-
mined positions with respect to a line extending direction
(see FIG. 41A).

Portions of the interconnection film b22 are provided on
the resistive film lines b21L. The interconnection film por-
tions b22 are each made of Al (aluminum) or an alloy (AlCu
alloy) of aluminum and Cu (copper). The interconnection
film portions b22 each have a thickness of about 8000 A.
The interconnection film portions b22 are spaced a prede-
termined distance R from one another in the line extending
direction on the resistive film lines b21L, and contact the
resistive film lines b21L.. As in the case of the designation of
the resistive film b21, a part of the interconnection film b22
present in the first resistor circuit network b31 is referred to
as “first interconnection film b22A” and a part of the
interconnection film b22 present in the second resistor
circuit network b32 is referred to as “second interconnection
film b22B.” Therefore, portions of the first interconnection
film b22A are provided in contact with the resistive film
lines b21L of the first resistive film b21A in the first resistor
circuit network b31, and portions of the second intercon-
nection film b22B are provided in contact with the resistive
film lines b21L of the second resistive film b21B in the
second resistor circuit network b32 (see FIG. 43). In this
example, however, the first interconnection film b22A and
the second interconnection film b22B are made of the same
material (Al) and have no difference in characteristic prop-
erties.

In FIG. 42, the electrical characteristic features of the
resistive film lines b21L and the interconnection film por-
tions b22 of this arrangement are shown by way of circuit
symbols. As shown in FIG. 42 (a), portions of each of the
resistive film lines b21L present between the interconnection
film portions b22 spaced the predetermined distance R from
one another each serve as a single resistor body R having a
predetermined resistance value r. The interconnection film
portions b22, which electrically connect adjacent resistor
bodies R to each other, cause short circuit in regions of the
resistive film lines b21A on which the interconnection film
portions b22 are provided. Thus, a resistor circuit is pro-
vided, in which the resistor bodies R each having a resis-
tance r are connected in series as shown in FIG. 42(b).

Further, adjacent resistive film lines b21L, are connected
to each other by the resistive film b21 and the interconnec-
tion film b22, so that the first resistor circuit network b31 and
the second resistor circuit network b32 of the device portion
b5 shown in FIG. 41A each constitute a resistor circuit
(including resistor bodies R each having a unit resistance as
described above) shown in FIG. 42(¢). Thus, the resistive
film b21 and the interconnection film b22 form the resistor
bodies R and the resistor circuits (i.e., the first resistor circuit
network b31 and the second resistor circuit network b32 of
the device portion b5). The resistor bodies R are constituted
by a resistive film line b21L (resistive film b21) and a
plurality of interconnection film portions b22 provided on
the resistive film line b21L. and spaced the predetermined
distance in the line extending direction. Particularly, the first
resistor bodies R1 in the first resistor circuit network b31 are
constituted by the first resistive film b21A and the first
interconnection film b22A, and the second resistor bodies
R2 in the second resistor circuit network b32 are constituted
by the second resistive film b21B and the second intercon-
nection film b22B (see FIG. 43). In the first resistor circuit
network b31 and the second resistor circuit network b32,
portions of the resistive film lines b21L. not provided with
the interconnection film portions b22 spaced the predeter-
mined distance R from one another each define a single
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resistor body R. The portions of the resistive film lines b21L
defining the resistor bodies R each have the same shape and
the same size. Therefore, the multiplicity of resistor bodies
R arranged in the matrix array on the substrate b2 each have
the same resistance value.

The interconnection film portions b22 provided on the
resistive film lines b21L define the resistor bodies R, and
also serve as conductor films D for connecting the resistor
bodies R to one another to provide the resistor circuits (see
FIG. 40). FIG. 43(a) is an enlarged partial plan view
illustrating a region of the chip resistor including the fuses
shown in a part of the plan view of FIG. 40 on an enlarged
scale, and FIG. 43(b) is a diagram showing a sectional
structure taken along a line B-B in FIG. 43(a).

As shown in FIGS. 43(a) and 43(b), the fuses F and the
conductor films D described above are formed from the
same interconnection film b22 as the interconnection film
portions b22 provided on the resistive film b21 for the
resistor bodies R in the first resistor circuit network b31 and
the second resistor circuit network b32. That is, the fuses F
and the conductor films D are formed of Al or the AlCu
alloy, which is the same metal material as for the intercon-
nection film portions b22 provided on the resistive film lines
b21L to define the resistor bodies R, and provided at the
same level as the interconnection film portions b22. As
described above, the interconnection film b22 is also used
for the conductor films D for electrically connecting the
plurality of resistor bodies R to form the resistor circuits.

That is, the interconnection film portions b22 for defining
the resistor bodies R, the interconnection film portions b22
for the fuses F (the first fuses F1 and the second fuses F2)
and the conductor films D, and the interconnection film
portions b22 for connecting the device portion b5 (the first
resistor circuit network b31 and the second resistor circuit
network b32) to the first electrode b3 and the second
electrode b4 are formed of the same metal material (Al or the
AlCu alloy) and provided at the same level on the resistive
film b21. It is noted that the fuses F are different (discrimi-
nated) from the other interconnection film portions b22 in
that the fuses F are thinner for easy disconnection and no
circuit element is present around the fuses F.

Regions of the interconnection film b22 in which the fuses
F (the first fuses F1 and the second fuses F2) are disposed
are herein referred to as “trimming regions X” (see FIGS. 40
and 43(a)). The trimming regions X respectively linearly
extend alongside the inner edges of the first electrode b3 and
the second electrode b4, and not only the fuses F but also
some of the conductor films D are present in the trimming
regions X. The resistive film b21 is partly present below the
trimming regions X of the interconnection film b22 (see
FIG. 43(5)). The fuses F are each spaced a greater distance
from the surrounding interconnection film portions b22 than
the other interconnection film portions b22 present outside
the trimming regions X.

The fuses F each do not simply designate a part of the
interconnection film portion b22, but may each designate a
fuse element which is a combination of a part of the resistor
body R (resistive film b21) and a part of the interconnection
film portion b22 on the resistive film b21. In the above
description, the fuses F are located at the same level as the
conductor films D, but an additional conductor film may be
provided on the respective conductor films D to reduce the
resistance values of the conductor films D as a whole. Even
in this case, the fusibility of the fuses F is not reduced as
long as the additional conductor film is not present on the
fuses F.
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Referring to FIG. 43(b), the aforementioned resistive film
b21 is discontinuous along a boundary between the first
resistor circuit network b31 and the second resistor circuit
network b32, and a portion of the interconnection film b22
covering the boundary is present directly on the insulative
layer b20 as extending linearly widthwise of the substrate
b2. The interconnection film portion b22 covering the
boundary serves as the third electrode b6 described above.
In FIG. 43, a second fuse F2 present on the line B-B is
disconnected by way of example. As shown in FIG. 43(b),
the passivation film b23 partly enters a disconnected portion
of the second fuse F2, and disconnection surfaces FM of the
second fuse F2 are covered with the passivation film b23.

FIG. 44 is an electric circuit diagram of the device portion
according to the example of the second reference embodi-
ment. Referring to FIG. 44, the first resistor circuit network
b31 and the second resistor circuit network b32 of the device
portion b5 each include a reference resistor circuit R8, a
resistor circuit R64, two resistor circuits R32, a resistor
circuit R16, a resistor circuit R8, a resistor circuit R4, a
resistor circuit R2, a resistor circuit R1, a resistor circuit R/2,
a resistor circuit R/4, a resistor circuit R/8, a resistor circuit
R/16 and a resistor circuit R/32, which are connected in
series in this order from the first electrode b3 or the second
electrode b4. The reference resistor circuit R8 and the
resistor circuits R64 to R2 each include resistor bodies R in
the same number as the suffix number of the reference
character (e.g., 64 resistor bodies for the resistor circuit
R64), wherein the resistor bodies R are connected in series.
The resistor circuit R1 includes a single resistor body R. The
resistor circuits R/2 to R/32 each include resistor bodies Rin
the same number as the suffix number of the reference
character (e.g., 32 resistor bodies for the resistor circuit
R/32), wherein the resistor bodies R are connected in
parallel. The suffix number of the reference character for the
designation of the resistor circuit has the same definition in
FIGS. 45 and 46 to be described later.

A single fuse F is connected in parallel to each of the
resistor circuits R64 to R/32 except the reference resistor
circuit R8. The fuses F are connected in series to one another
directly or via the conductor films D (see FIG. 43(a)). With
none of the fuses F fused off as shown in FIG. 44, the first
resistor circuit network b31 and the second resistor circuit
network b32 constitute a resistor circuit such that the refer-
ence resistor circuit R8 (including 8 resistor bodies R
connected in series) provided between the first electrode b3
and the third electrode b6 is connected in series to the
reference resistor circuit R8 provided between the second
electrode b4 and the third electrode b6. Where the resistor
bodies Reach have a resistance value r of r=8Q2, for example,
the chip resistor b1 is configured such that the first electrode
b3 and the second electrode b4 are connected to each other
through the two resistor circuits (two reference resistor
circuits R8) each having a resistance value of 8r=64Q.

With none of the fuses F fused off in each of the first
resistor circuit network b31 and the second resistor circuit
network b32, the plural types of resistor circuits except the
reference resistor circuit R8 are short-circuited. That is, 12
types of 13 resistor circuits R64 to R/32 are connected in
series to the reference resistor circuit R8, but are short-
circuited by the fuses F connected in parallel thereto in each
of the first resistor circuit network b31 and the second
resistor circuit network b32. Therefore, each of the resistor
circuits is not electrically incorporated in the device portion
b5 (in the first resistor circuit network b31 and the second
resistor circuit network b32).
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In the chip resistor b1 according to this example, the fuses
F are selectively fused off, for example, by a laser beam
according to the required resistance value. Thus, a resistor
circuit connected in parallel to a fused fuse F is incorporated
in the device portion b5 (in the first resistor circuit network
b31 and the second resistor circuit network b32). Therefore,
the device portion b5 has an overall resistance value which
is controlled by connecting, in series, resistor circuits incor-
porated by fusing off the corresponding fuses F.

Particularly, the plural types of resistor circuits include
plural types of serial resistor circuits which respectively
include 1, 2, 4, 8, 16, 32, . . . resistor bodies R (whose
number increases in a geometrically progressive manner
with a geometric ratio of 2) each having the same resistance
value and connected in series, and plural types of parallel
resistor circuits which respectively include 2, 4, 8, 16, . . .
resistor bodies R (whose number increases in a geometri-
cally progressive manner with a geometric ratio of 2) each
having the same resistance value and connected in parallel.
Therefore, the overall resistance value of the device portion
b5 (resistor portion b56) can be digitally and finely con-
trolled to a desired resistance value by selectively fusing off
the fuses F (or the fuse elements described above). Thus, the
chip resistor bl can have the desired resistance value.

FIG. 45 is an electric circuit diagram of a device portion
according to another example of the second reference
embodiment. The first resistor circuit network b31 and the
second resistor circuit network b32 may be each configured
as shown in FIG. 45, rather than by connecting the resistor
circuits R64 to R/32 in series to the reference resistor circuit
R8 as shown in FIG. 44. More specifically, the first resistor
circuit network b31 and the second resistor circuit network
b32 may each include a circuit configured such that a
parallel connection circuit including 12 types of resistor
circuits R/16, R/8, R/4, R/2, R1, R2, R4, R8, R16, R32, R64,
R128 is connected in series to a reference resistor circuit
R/16 between the first electrode b3 and the third electrode b6
or between the second electrode b4 and the third electrode
b6.

In this case, a fuse F is connected in series to each of the
12 types of resistor circuits except the reference resistor
circuit R/16 in each of the first resistor circuit network b31
and the second resistor circuit network b32. With none of the
fuses F fused off, all the resistor circuits are electrically
incorporated in the device portion b5 (in the first resistor
circuit network b31 and the second resistor circuit network
b32). The fuses F are selectively fused off, for example, by
a laser beam according to the required resistance value.
Thus, a resistor circuit associated with a fused fuse F (a
resistor circuit connected in series to the fused fuse F) is
electrically isolated from the device portion b5 (the first
resistor circuit network b31 or the second resistor circuit
network b32) to control the overall resistance value of the
chip resistor bl.

FIG. 46 is an electric circuit diagram of a device portion
according to further another example of the second reference
embodiment. The device portion b5 shown in FIG. 46 has a
characteristic configuration such that a serial connection
circuit including plural types of resistor circuits is connected
in series to a parallel connection circuit including plural
types of resistor circuits in each of the first resistor circuit
network b31 and the second resistor circuit network b32. As
in the previous example, a fuse F is connected in parallel to
each of the plural types of resistor circuits connected in
series, and all the plural types of resistor circuits connected
in series are short-circuited by the fuses F in each of the first
resistor circuit network b31 and the second resistor circuit
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network b32. With a fuse F fused off, therefore, a resistor
circuit which has been short-circuited by that fuse F is
electrically incorporated in the device portion b5.

On the other hand, a fuse F is connected in series to each
of the plural types of resistor circuits connected in parallel
in each of the first resistor circuit network b31 and the
second resistor circuit network b32. With a fuse F fused off,
therefore, a resistor circuit which has been connected in
series to that fuse F is electrically isolated from the parallel
connection resistor circuits. With this arrangement, for
example, a resistance of smaller than 1 kQ may be formed
in the parallel connection side, and a resistor circuit of 1 kQ
or greater may be formed in the serial connection side. Thus,
a resistor circuit having a resistance value in a wide range
from a smaller resistance value on the order of several ohms
to a greater resistance value on the order of several mega-
ohms can be produced from a resistor circuit network (the
first resistor circuit network b31 and the second resistor
circuit network b32) designed based on the same basic
design concept. That is, the chip resistor b1 can be easily and
speedily customized to have any of plural resistance values
by selectively disconnecting one or more of the fuses F. In
other words, the chip resistor bl can be customized based on
the same design concept so as to have various resistance
values by selectively combining the resistor bodies R having
different resistance values.

In the chip resistor b1, as described above, the connection
of the plurality of resistor bodies R (resistor circuits) can be
changed in each of the trimming regions X. FIG. 47 is a
schematic sectional view of the chip resistor. Referring next
to FIG. 47, the chip resistor b1l will be described in greater
detail. In FIG. 47, the device portion b5 described above is
simplified, and components other than the substrate b2 are
hatched for convenience of description.

The passivation film b23 and the resin film b24 will be
described. The passivation film b23 is made of, for example,
SiN (silicon nitride), and has a thickness of 1000 A to 5000
A (here, about 3000 A). The passivation film b23 is provided
over the front surface b2A and the side surfaces b2C to b2F.
A portion of the passivation film b23 present on the front
surface b2A covers the resistive film b21 and the intercon-
nection film portions b22 present on the resistive film b21
(i.e., both of the first resistor circuit network b31 and the
second resistor circuit network b32 of the device portion b5)
from the front side (from the upper side in FIG. 47), thereby
covering the upper surfaces of the resistor bodies R of the
device portion b5. Thus, the passivation film portion b23
also covers the trimming regions X of the interconnection
film b22 (the fuses F) (see FIG. 43(5)). Further, the passi-
vation film portion b23 contacts the device portion b5 (the
interconnection film b22 and the resistive film b21), and also
contacts the insulative layer b20 in a region not formed with
the resistive film b21. Thus, the passivation film portion b23
present on the front surface b2 A covers the front surface b2A
from above the device portion b5 (the first resistor circuit
network b31 and the second resistor circuit network b32),
the fuses F, the third electrode b6 and the insulative layer
b20, thereby protecting the first resistor circuit network b31,
the second resistor circuit network b32 and the third elec-
trode b6. On the front surface b2A, the passivation film
portion b23 prevents an unintended short circuit which may
be a short circuit other than that occurring between the
interconnection film portions b22 present between the resis-
tor bodies R (an unintended short circuit which may occur
between adjacent resistive film lines b21A).

On the other hand, portions of the passivation film b23
present on the respective side surfaces b2C to b2F function
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as protective layers which respectively protect the side
surfaces b2C to b2F. The edge portion b85 described above
is present on the boundaries between the front surface b2A
and the side surfaces b2C to b2F, and the passivation film
b23 also covers the boundaries (the edge portion b85). A
portion of the passivation film b23 covering the edge portion
b85 (overlying the edge portion b85) is herein referred to as
an edge portion b23A. Since the passivation film b23 is a
very thin film, the passivation film portions b23 covering the
side surfaces b2C to b2F are regarded as a part of the
substrate b2 in this example. Therefore, the passivation film
portions b23 covering the side surfaces b2C to b2F are
regarded as the side surfaces b2C to b2F themselves.

Together with the passivation film b23, the resin film b24
protects the front surface b2A of the chip resistor bl. The
resin film b24 is made of a resin such as a polyimide. The
resin film b24 has a thickness of about 5 pm. The resin film
b24 is provided on the passivation film portion b23 present
on the front surface b2A to cover the entire surface of the
passivation film portion b23 (including the resistive film b21
and the interconnection film b22 covered with the passiva-
tion film portion b23). Therefore, the first resistor circuit
network b31, the second resistor circuit network b32 and the
third electrode b6 are protected doubly by the passivation
film b23 and the resin film b24. An edge portion of the resin
film b24 coincides with the edge portion b23A of the
passivation film b23 (the edge portion b85 of the front
surface b2A) as seen in plan.

The resin film b24 has two openings b25 respectively
formed therein at two positions spaced from each other as
seen in plan. The openings b25 are through-holes extending
continuously thicknesswise through the resin film b24 and
the passivation film b23. Therefore, not only the resin film
b24 but also the passivation film b23 has the openings b25.
The interconnection film b22 is partly exposed from the
respective openings b25. The parts of the interconnection
film b22 exposed from the respective openings b25 serve as
pad regions b22P for the external connection.

One of the two openings b25 is completely filled with the
first electrode b3, and the other opening b25 is completely
filled with the second electrode b4. The first electrode b3 and
the second electrode b4 each have an Ni layer b33, a Pd layer
b34 and an Au layer b35 provided in this order from the front
surface b2A. In each of the first electrode b3 and the second
electrode b4, therefore, the Pd layer b34 is disposed between
the Ni layer b33 and the Au layer b35. The Ni layer b33
occupies the most of each of the first electrode b3 and the
second electrode b4, and the Pd layer b34 and the Au layer
b35 are much thinner than the Ni layer b33. When the chip
resistor b1 is mounted on the mount substrate b9 (see FIG.
39 (b)), the Ni layer b33 functions to connect the solder b13
to Al of the pad region b22P of the interconnection film b22
in each of the openings b25.

In each of the first electrode b3 and the second electrode
b4, the surface of the Ni layer b33 is covered with the Au
layer b35, so that the oxidation of the Ni layer b33 can be
prevented. Even if the Au layer b35 of each of the first
electrode b3 and the second electrode b4 has a through-hole
(pin hole) because of its smaller thickness, the Pd layer b34
provided between the Ni layer b33 and the Au layer b35
closes the through-hole. This prevents the Ni layer b33 from
being exposed to the outside through the through-hole and
oxidized.

The Au layers b35 are respectively exposed on the out-
ermost surfaces of the first electrode b3 and the second
electrode b4 to the outside from the openings b25 of the
resin film b24. The first electrode b3 is kept in contact with
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and electrically connected to the pad region b22P of the
interconnection film b22 present in the one opening b25
through the one opening b25. The second electrode b4 is
kept in contact with and electrically connected to the pad
region b22P of the interconnection film b22 present in the
other opening b25 through the other opening b25. The Ni
layers b33 of the first electrode b3 and the second electrode
b4 are respectively connected to the pad regions b22P. Thus,
the first electrode b3 and the second electrode b4 are
electrically connected to the device portion b5. Here, the pad
region b22P in contact with the first electrode b3 is regarded
as apart of the first electrode b3, and the pad region b22P in
contact with the second electrode b4 is regarded as a part of
the second electrode b4. The interconnection film b22 serves
as interconnections connected to the assembly of the resistor
bodies R (resistor portion b56), the first electrode b3, the
second electrode b4 and the third electrode b6.

Thus, the resin film b24 and the passivation film b23
formed with the openings b25 cover the front surface b2A
with the first electrode b3 and the second electrode b4 being
exposed from the respective openings b25. Therefore, the
chip resistor bl is electrically connected to the mount
substrate b9 through the first electrode b3 and the second
electrode b4 exposed from the resin film b24 when being
mounted on the mount substrate b9 (see FIG. 39(b)).

The interconnection film portion b22 (the third electrode
b6 described above) present between the first resistor circuit
network b31 and the second resistor circuit network b32 is
covered with the passivation film b23 and the resin film b24.
FIGS. 48A to 48M are schematic sectional views showing a
production method for the chip resistor shown in FIG. 47.

First, as shown in FIG. 48A, a substrate b30 is prepared
as a material for the substrate b2. In this case, a front surface
b30A of the substrate b30 corresponds to the front surface
b2A of the substrate b2, and a back surface b30B of the
substrate b30 corresponds to the back surface b2B of the
substrate b2. Then, an insulative layer b20 of SiO, or the like
is formed in the front surface b30A of the substrate b30 by
thermally oxidizing the front surface b30A of the substrate
b30.

In turn, a resist pattern b36 is formed on the insulative
layer b20. The resist pattern b36 covers regions of the
insulative layer b20 to be formed with second resistor circuit
networks b32 and third electrodes b6, but does not cover the
other region (regions to be formed with first resistor circuit
networks b31). Subsequently, a first resistive film b21A of
TiON or TiONSI is formed by a sputtering process. In the
regions formed with the resist pattern b36, the first resistive
film b21A is formed on the resist pattern b36. In the regions
not formed with the resist pattern b36, the first resistive film
b21A is formed on the insulative layer b20. This sputtering
process is performed while supplying oxygen and nitrogen.
At this time, nitrogen and oxygen bombard a Ti target,
whereby Ti atoms are ejected from the target. The Ti atoms
are combined with nitrogen atoms and oxygen atoms to
generate TiON, which is deposited on the insulative layer
b20 and the resist pattern b36 to form the first resistive film
b21A. Where the substrate b30 is a silicon substrate, TION
deposited on the insulative layer b20 at this time is combined
with Si of the substrate b30 underlying the insulative layer
b20, and the first resistive film b21A of TIONSI is formed on
the insulative layer b20.

The flow rate of oxygen to be supplied during the sput-
tering process is controlled according to an intended resis-
tance temperature coefficient. The resistance temperature
coeflicient is one of the temperature characteristics of the
resistive film b21, and is solely dependent on a substance
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constituting the resistive film b21. Therefore, it is difficult to
adjust the resistance temperature coefficient of the resistive
film b21 after the completion of the resistive film b21.
Therefore, the oxygen flow rate is controlled during the
sputtering process for the formation of the resistive film b21,
whereby the composition of TiON or TiONSi constituting
the resistive film b21 is controlled to adjust the resistance
temperature coefficient at a desired value.

More specifically, a higher oxygen flow rate in the sput-
tering process promotes the combination of the Ti atoms and
the oxygen atoms, thereby correspondingly increasing the
oxygen composition ratio of TiON or TiONSi of the com-
pleted resistive film b21. As the oxygen composition ratio
(i.e., the oxygen flow rate) is increased, the resistance
temperature coefficient of the resistive film b21 is reduced.
That is, the temperature characteristics (resistance tempera-
ture coefficient) of the resistor bodies R can be controlled by
controlling the oxygen flow rate.

In this sputtering process, the oxygen flow rate is con-
trolled (at a lower level) so that the completed first resistive
film b21A has a positive resistance temperature coeflicient
(preferably a positive resistance temperature coefficient of
not greater than 300 ppny/® C.). Thus, the completed first
resistive film b21A is made of TiON or TiONSi (first
material) having an oxygen composition ratio controlled for
the positive resistance temperature coefficient.

After the first resistive film b21A is thus formed, a first
interconnection film b22A of aluminum (Al) is formed on
the first resistive film b21A in contact with the first resistive
film b21A by another sputtering process. Thereafter, por-
tions of the first resistive film b21A and the first intercon-
nection film b22A on the resist pattern b36 are lifted off
(removed) together with the resist pattern b36. Thus, the
other portions of the first resistive film b21A and the first
interconnection film b22A remain on the regions to be
formed with the first resistor circuit networks b31.

Thereafter, the first resistive film b21A and the first
interconnection film b22A are selectively removed to be
patterned as shown in FIG. 48B by utilizing a photolithog-
raphy process and dry etching such as RIE (Reactive Ion
Etching). Thus, resistive film lines b21L of the first resistive
film b21A each having a predetermined width (see FIG.
41A) are arranged at a predetermined interval in a column
direction as seen in plan in the regions to be formed with the
first resistor circuit networks b31. At this time, the resistive
film lines b21L. and the interconnection film portions b22 are
partly cut, and fuses F and conductor films D are formed in
the trimming regions X (see FIG. 40). The dry etching
makes it possible to highly accurately form the resistive film
lines b21L (later serving as resistor bodies R) and the fuses
F.

In turn, the first interconnection film portions b22A pro-
vided on the respective resistive film lines b21L of the first
resistive film b21A are selectively removed as shown in FIG.
48C, for example, by wet etching. Asa result, the first
resistor circuit networks b31 are provided, which are each
configured such that interconnection film portions b22 are
spaced a predetermined distance R from one another on the
resistive film lines b21L of the first resistive film b21A. At
this time, the overall resistance value of each of the first
resistor circuit networks b31 may be measured in order to
check if the first resistive film b21A and the first intercon-
nection film b22A are formed as each having intended
dimensions.

In turn, a resist pattern b37 is formed on the insulative
layer b20 and the first resistor circuit networks b31. The
resist pattern b37 covers the regions of the insulative layer
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b20 formed with the first resistor circuit networks b31 and
the regions of the insulative layer b20 to be formed with the
third electrodes b6, but does not cover the other region (the
regions to be formed with the second resistor circuit net-
works b32). Subsequently, a second resistive film b21B of
TiON or TiONSI is formed by a sputtering process. In the
regions formed with the resist pattern b37, the second
resistive film b21B is formed on the resist pattern b37. In the
regions not formed with the resist pattern b37, the second
resistive film b21B is formed on the insulative layer b20.
This sputtering process is performed in substantially the
same manner as the sputtering process performed for the
formation of the first resistive film b21A. In this sputtering
process, the oxygen flow rate is controlled as in the sput-
tering process performed for the formation of the first
resistive film b21A. In this sputtering process, however, the
oxygen flow rate is controlled (at a higher level) so that the
completed second resistive film b21B has a negative resis-
tance temperature coefficient (preferably a negative resis-
tance temperature coeflicient of not less than —300 ppm/° C.)
unlike in the sputtering process performed for the formation
of the first resistive film b21A. Thus, the completed second
resistive film b21B is made of TiON or TiONSi (second
material) having an oxygen composition ratio controlled for
the negative resistance temperature coefficient.

Thus, the first resistive film b21A having a positive
resistance temperature coefficient and the second resistive
film b21B having a negative resistance temperature coeffi-
cient are each made of TiON or TiONSi having a controlled
oxygen composition ratio. After the second resistive film
b21B is thus formed, a second interconnection film b22B of
aluminum (Al) is formed on the second resistive film b21B
in contact with the second resistive film b21B by further
another sputtering process.

Thereafter, portions of the second resistive film b21B and
the second interconnection film b22B on the resist pattern
b37 are lifted off (removed) together with the resist pattern
b37. Thus, the other portions of the second resistive film
b21B and the second interconnection film b22B remain on
the regions to be formed with the second resistor circuit
networks b32. Thereafter, the second resistive film b21B and
the second interconnection film b22B are selectively
removed to be patterned as shown in FIG. 48D by utilizing
a photolithography process and dry etching such as RIE.
Thus, resistive film lines b21L of the second resistive film
b21B each having a predetermined width (see FIG. 41A) are
arranged at a predetermined interval in a column direction as
seen in plan in the regions to be formed with the second
resistor circuit networks b32. At this time, the resistive film
lines b21L. and the interconnection film portions b22 are
partly cut, and fuses F and conductor films D are formed in
the trimming regions X (see FIG. 40).

In turn, the second interconnection film portions b22B
provided on the respective resistive film lines b21L, of the
second resistive film b21B are selectively removed as shown
in FIG. 48E, for example, by wet etching. As a result, the
second resistor circuit networks b32 are provided, which are
each configured such that interconnection film portions b22
are spaced a predetermined distance R from one another on
the resistive film lines b21L of the second interconnection
film b22B. At this time, the overall resistance value of each
of'the second resistor circuit networks b32 may be measured
in order to check if the second resistive film b21B and the
second interconnection film b22B are formed as each having
intended dimensions.

Then, as shown in FIG. 48F, interconnection film portions
b22 of aluminum (Al) are formed on regions of the insula-
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tive layer b20 each present along a boundary between the
first resistor circuit network b31 and the second resistor
circuit network b32. At this time, the interconnection film
portions b22 are formed on the boundary regions by the
sputtering of Al with a region of the substrate b30 other than
these regions being covered with a resist pattern (not
shown). The interconnection film portions b22 formed on
the boundary regions each serve as the third electrode b6.

Upon completion of the third electrode b6, the first
resistor circuit network b31 and the second resistor circuit
network b32 are electrically connected in series to the third
electrode b6, whereby the entire device portion b5 is com-
pleted. By the connection between the first resistor circuit
network b31 having a positive resistance temperature coef-
ficient and the second resistor circuit network b32 having a
negative resistance temperature coefficient, the resistance
temperature coeflicient of the first resistor circuit network
b31 and the resistance temperature coefficient of the second
resistor circuit network b32 offset each other. Thus, the
resistance temperature coefficient of the overall device por-
tion b5 has a very small absolute value, i.e., not greater than
300 ppm/© C. Although the resistance temperature coeffi-
cient can be controlled by the control of the oxygen flow
rate, the reduction of the absolute value of the resistance
temperature coefficient only by controlling the oxygen flow
rate (the conditions for the formation of the resistive film
b21) has limitation. In this example, however, the absolute
value of the resistance temperature coefficient of the overall
device portion b5 can be reduced by the offset between the
positive resistance temperature coefficient of the first resistor
circuit network b31 and the negative resistance temperature
coeflicient of the second resistor circuit network b32.

In this example, the first interconnection film b22A, the
second interconnection film b22B and the interconnection
film b22 for the third electrodes b6 are made of the same
material. Therefore, the first interconnection film b22A, the
second interconnection film b22B and the interconnection
film b22 for the third electrodes b6 may be simultaneously
formed after the first resistive film b21A and the second
resistive film b21B are formed (and etched).

Referring to FIG. 48F, a multiplicity of such device
portions b5 (each including an assembly of the first resistor
circuit network b31 and the second resistor circuit network
b32 connected to each other) are formed on the front surface
b30A of the substrate b30 according to the number of the
chip resistors bl to be formed on the single substrate b30.
Regions of the substrate b30 respectively formed with the
device portions b5 are each herein referred to as a chip
component region Y. Therefore, a plurality of chip compo-
nent regions Y (i.e., the device portions b5) are formed
(defined) on the front surface b30A of the substrate b30. The
chip component regions Y each correspond to a single
complete chip resistor bl (see FIG. 47) as seen in plan. A
region of the front surface b30A of the substrate b30 defined
between adjacent chip component regions Y is herein
referred to as a boundary region Z. The boundary region 7Z
is a zone configured in a lattice shape as seen in plan. The
chip component regions Y are respectively disposed in
lattice areas defined by the lattice-shaped boundary region 7.
Since the boundary region Z has a very small width on the
order of 1 um to 60 um (e.g., 20 um), a multiplicity of chip
component regions Y can be defined on the substrate b30.
This allows for mass production of the chip resistors bl.

Then, as shown in FIG. 48G, an insulative film b45 of SiIN
is formed over the entire front surface b30A of the substrate
b30 by a CVD (Chemical Vapor Deposition) method. The
insulative film b45 entirely covers the insulative layer b20

5

10

15

20

25

30

35

40

45

55

60

65

54

and the device portions b5 (the resistive film b21 and the
interconnection film b22) present on the insulative layer
b20, and contacts the insulative layer b20 and the device
portions b5. Therefore, the insulative film b45 also covers
the trimming regions X of the interconnection film b22 (see
FIG. 40). Since the insulative film b45 is formed over the
entire front surface b30A of the substrate b30, the insulative
film b45 extends to a region other than the trimming regions
X on the front surface b30A. Thus, the insulative film b45
serves as a protective film for protecting the entire front
surface b30A (including the device portions b5 on the front
surface b30A).

In turn, as shown in FIG. 48H, a resist pattern b4l is
formed over the entire front surface b30A of the substrate
b30 to entirely cover the insulative film b45. The resist
pattern b41 has an opening b42. FIG. 49 is a schematic plan
view showing a part of the resist pattern to be used for
forming a trench in the process step of FIG. 48H.

Referring to FIG. 49, the opening b42 of the resist pattern
b4l is aligned with (or corresponds to) a region (i.e., the
boundary region Z, hatched in FIG. 49) between the con-
tours of adjacent chip resistors bl (i.e., the chip component
regions Y described above) as seen in plan when the chip
resistors bl are arranged in a matrix array (or in a lattice
form). As a whole, the opening b42 has a lattice shape
including linear portions b42A and linear portions b42B
orthogonally crossing each other.

The linear portions b42A and the linear portions b42B of
the opening b42 of the resist pattern b41 are connected to
each other as crossing orthogonally to each other (without
any curvature). Therefore, the linear portions b42A and the
linear portions b42B interest each other at an angle of about
90 degrees as seen in plan to form angled intersection
portions b43. Referring to FIG. 48H, parts of the insulative
film b45, the insulative layer b20 and the substrate b30 are
selectively removed by plasma etching with the use of the
resist pattern b41 as a mask. Thus, a portion of the substrate
b30 is removed from the boundary region Z defined between
the adjacent device portions b5 (chip component regions Y).
As a result, a trench b44 is formed in the position (boundary
region 7Z) corresponding to the opening b42 of the resist
pattern b41 as seen in plan as extending through the insu-
lative film b45 and the insulative layer b20 into the substrate
b30 to a depth halfway the thickness of the substrate b30
from the front surface b30A of the substrate b30. The trench
b44 is defined by pairs of side walls b44 A opposed to each
other, and a bottom wall b44B extending between lower
edges of the paired side walls b44 A (edges of the paired side
walls b44A on the side of the back surface b30B of the
substrate b30). The trench b44 has a depth of about 100 um
as measured from the front surface b30A of the substrate
b30, and a width of about 20 um (as measured between the
opposed side walls b44A) which is constant throughout the
depth.

The trench b44 of the substrate b30 has a lattice shape as
a whole corresponding to the shape of the opening b42 (see
FIG. 49) of the resist pattern b41 as seen in plan. On the front
surface b30A of the substrate b30, rectangular frame-like
portions of the trench b44 (the boundary region 7) respec-
tively surround the chip component regions Y in which the
device portions b5 are respectively provided. Portions of the
substrate b30 respectively formed with the device portions
b5 are semi-finished products b50 of the chip resistors bl.
The semi-finished products b50 are respectively located in
the chip component regions Y surrounded by the trench b44
on the front surface b30A of the substrate b30. These
semi-finished products b50 are arranged in a matrix array.
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By thus forming the trench b44, the substrate b30 is divided
into a plurality of substrates b2 respectively defined by the
chip component regions Y.

After the trench b44 is formed as shown in FIG. 48H, the
resist pattern b41 is removed, and the insulative film b45 is
selectively etched off with the use of a mask b65 as shown
in FIG. 481. The mask b65 has openings b66 formed in
association with portions of the insulative film b45 aligned
with the pad regions b22P (see FIG. 47) and the third
electrodes b6 as seen in plan. Thus, the portions of the
insulative film b45 aligned with the openings b66 are etched
off, whereby openings b25 are formed in these portions of
the insulative film b45. Thus, the pad regions b22P and the
third electrodes b6 are exposed from the insulative film b45
in the openings b25. The semi-finished products b50 each
have three openings b25.

After the three openings b25 are formed in the insulative
film b45 of each of the semi-finished products b50, probes
b70 of a resistance measuring device (not shown) are
brought into contact with the pad regions b22P and the third
electrode b6 in the respective openings b25 to measure the
resistance value of the first resistor circuit network b31, the
resistance value of the second resistor circuit network b32
and the overall resistance value of the device portion b5.
Based on the results of the measurement, a fuse F to be
disconnected (at least one of the first fuses F1 and the second
fuses F2) is selected from the plurality of fuses F.

Subsequently, a laser beam (not shown) is applied to the
(selected) fuse F (see FIG. 40) through the insulative film
b45, whereby the fuse F in the trimming region X of the
interconnection film b22 is trimmed by the laser beam to be
disconnected (fused off). Thus, the overall resistance value
of the semi-finished product b50 (i.e., the chip resistor bl)
can be controlled, as described above, by selectively fusing
off (trimming) the fuse F for the required resistance value.

FIG. 50 is an electric circuit diagram of the device portion
before trimming. FIG. 51 is an electric circuit diagram of the
device portion after trimming. Referring to FIGS. 50 and 51,
a trimming process will be described in detail. In FIGS. 50
and 51, R, designates an initial overall resistance value of
the first resistor circuit network b31 (before trimming), and
R designates an initial overall resistance value of the
second resistor circuit network b32 (before trimming). R,
designates a resistance change (more specifically, a resis-
tance increase) to be caused in the first resistor circuit
network b31 by the trimming based on the required resis-
tance value R of the overall chip resistor bl (the total
resistance value of first resistor bodies R1 to be incorporated
into the first resistor circuit network b31 by the trimming).
R, designates a resistance change (more specifically, a
resistance increase) to be caused in the second resistor
circuit network b32 by the trimming based on the required
resistance value R (the total resistance value of second
resistor bodies R2 to be incorporated into the second resistor
circuit network b32 by the trimming). Further, TCR, des-
ignates a resistance temperature coeflicient intrinsic to the
first resistive film b 21 A of the first resistor circuit network
b31, and TCR designates a resistance temperature coeffi-
cient intrinsic to the second resistive film b21B of the second
resistor circuit network b32.

Here, the required resistance value R is the sum of R , R,
Ry and R, (a value changed by the sum of R, and R, from
the initial sum of R, and Ry), and is represented by the
following equation (1):

Required resistance value R=R +R +Rz+R;
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It is herein assumed, for example, that the required resis-
tance value R of the overall chip resistor bl is 2000Q2 at any
temperature and the resistance temperature coefficient TCR
of the overall chip resistor bl is controlled to 0 ppm/° C.
Where the resistance temperature coefficient TCR is con-
trolled to 0 ppm/°® C., for example, the chip resistor bl has
an overall resistance value R, of 2000Q2 at an ordinary
temperature (25° C.), and an overall resistance value R |, 5 of
2000Q2 at 125° C. Therefore, R, and R, are calculated so that
TCR=0 ppm/° C. and R,s=R,,5=2000€2, and the trimming
process is performed to provide the calculated R, and R,.

Referring to FIG. 50, R, and Rz are measured at 25° C.
and at 125° C. in this case. More specifically, the probes b70
(see FIG. 48]) are respectively brought into contact with the
first electrode b3 (a pad region b22P to be connected to the
first electrode b3) and the third electrode b6 to measure a
resistance value R, between the first electrode b3 and the
third electrode b6 (i.e., the resistance value of the first
resistor circuit network b31) at the respective temperatures.
Further, the probes b70 are respectively brought into contact
with the second electrode b4 (a pad region b22P to be
connected to the second electrode b4) and the third electrode
b6 to measure a resistance value Ry between the second
electrode b4 and the third electrode b6 (i.e., the resistance
value of the second resistor circuit network b32) at the
respective temperatures. R ; at 25° C. is herein referred to as
R 4,5 (this definition is also applied to R ,,5), and R ; at 125°
C. is herein referred to as R, ,5 (this definition is also
applied to R,;,5). Similarly, R at 25° C. is herein referred
to as Ry, (this definition is also applied to R,,5), and R at
125° C. is herein referred to as Ry, ,5 (this definition is also
applied to R,,,5). Here, R 55 is 800.0€2, R ;5 is 840.0€2,
Ry,5 15 700.0Q, and Ry, ,5 is 672.0Q2 according to the results
of the measurement.

Subsequently, TCR , is calculated by substituting R , mea-
sured at 25° C. and at 125° C. into the following equation
(2), and TCRy is calculated by substituting R ; measured at
25° C. and at 125° C. into the following equation (3):

TCR4 = (Ra12s — Razs)/ (Razs - Atemp) 2)
= (Rai2s — Raas) [ (Raas - Atemp)
TCRp = (Rp125s — Rpas) / (Rpas - Atemp) 3)

= (Rp125 — Rins) / (Ryas - Atemp)

wherein Atemp=100° C. (=125° C.-25° C.).

Then, TCR,, is calculated from the equation (2) based on
the results of the measurement of R ;,5 and R ;,,5 to obtain
TCR =500 ppm/° C. Further, TCR; is calculated from the
equation (3) based on the results of the measurement of R, 5
and Ry, 5 to obtain TCRz=-400 ppm/°® C. Next, R, and R,
are calculated from the equations (1) to (3). Where a
temperature condition of 25° C. is taken into consideration
and the required resistance value R at 25° C. is expressed as
R,s, the following equation (4) is derived from the equation

(D

Ros5=R4p5+R05+Rpos+R s

Q)

Where a temperature condition of 125° C. is taken into
consideration and the required resistance value R at 125°
C. is expressed as R,,s, the following equation (5) is
derived from the equation (1):

®

The following equations (6) and (7) are derived from the
equation (2), and the equation (8) is provided by com-

R125=R 4125+Ra125+Rp125+Rp 125
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bining the equations (6) and (7) together. Further, the
following equations (9) and (10) are derived from the
equation (3), and the equation (11) is provided by com-
bining the equations (9) and (10) together.

R 4125=R 45 Atemp TCR 4+R 155 (6)

Ra125=R 05 Atemp TCR 4+R ;55 @]

R4125+R 1257 TCR 4 (R po5tR 125) Atemp+(R go5+R 125) ®

Rp125=RpysAtemp TCR p+R 55 ©)]

Ry125=Rpo5'Atemp TCRp+R 55 (10)

an

Further, the equations (8) and (11) are substituted into the
equation (5) to provide the following equation (12):

Rp125+Rp 125" TCRp (RpostRpos) Atemp+(Rgo5+R p55)

R155=R 4125tR;125+Rp 125+ Ry 125~ TCR 4 (R o5+
R o) Atemp+(R 455+R 155)+TCRy (Rpys5+
Ryos) Atemp+(RpostRy0s)

Then, R,,5 and R, are calculated by substituting TCR
(=500 ppm/° C.), TCR, (=-400 ppm/® C.), R,
(=800.0Q2), Ryz,5s (=700.0Q) and Atemp (=100° C.) into
simultaneous equations (4) and (12). It is herein assumed
that R,5=R,,5 (=2000Q).

As a result of the calculation, R ,,5 is 88.9Q; and R, is
411.1Q. Then, one or more first fuses F1 (first fuses F1 to be
trimmed in order to provide R ,,s=88.9€2) are selected so that
R,,s=88.9Q can be provided in the first resistor circuit
network b31 at an ordinary temperature. Similarly, one or
more second fuses F2 (second fuses F2 to be trimmed in
order to provide R,,;=411.1Q) is selected so that
R,,5=411.1€2 can be provided in the second resistor circuit
network b32 at an ordinary temperature.

With the provision of the third electrode b6, the overall
resistance value R, of the first resistor circuit network b31
can be measured between the first electrode b3 and the third
electrode b6, and the overall resistance value Ry of the
second resistor circuit network b32 can be measured
between the second electrode b4 and the third electrode b6.
Thus, the resistance values R, and R, to be respectively
provided in the first resistor circuit network b31 and the
second resistor circuit network b32 by the trimming are
calculated based on the required resistance value R of the
overall chip resistor b1, and the first fuses F1 and the second
fuses F2 to be disconnected to provide the resistance values
are selected.

Then, the first fuses F1 and the second fuses F2 thus
selected are disconnected (trimmed) by a laser beam. Thus,
the chip resistor bl can be produced, which has a required
resistance value R of 2000Q2 and a resistance temperature
coeflicient TCR of 0 ppm/°® C. Referring again to FIG. 481,
the insulative film b45 serves as a cover film for covering the
device portions b5 in the trimming process, thereby prevent-
ing short circuit which may otherwise occur when a debris
occurring during the fuse-oft adheres to any of the device
portions b5. Further, the insulative film b45 covers the fuses
F (resistive film b21), so that the selected fuses F can be
reliably fused off by accumulating the energy of the laser
beam therein.

Thereafter, SiN is further deposited on the insulative film
bd45 by the CVD method to thicken the insulative film b45.
At this time, as shown in FIG. 48], the insulative film b45
is also formed on the entire inner peripheral surface of the
trench b44 (the wall surfaces b44C of the side walls b44A
and an upper surface of the bottom wall b44B). The insu-
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lative film b45 finally has a thickness of 1000 A to 5000 A
(here, about 3000 A) (in a state shown in FIG. 487). At this
time, the insulative film b45 partly enters the openings b25
to close the openings b25.

A newly deposited SiN portion (a newly formed portion
of the insulative film b45) partly enters a hole formed in the
cover film (insulative film b45) when the cover film is partly
broken during the fuse-off to cover and protect broken
surfaces FM (see FIG. 43(b)) of the disconnected fuse F (at
least one of the first fuses F1 and the second fuses F2).
Therefore, the insulative film b45 (finally serving as the
passivation film b23) prevents foreign matter and moisture
from intruding into the disconnected portion of the fuse F
(see a disconnected second fuse F2 in FIG. 43(5)), thereby
improving the reliability of the chip resistor bl.

After the insulative film b45 is formed, a liquid photo-
sensitive resin of a polyimide is sprayed over the resulting
substrate b30 from above the insulative film b45. Thus, a
photosensitive resin film b46 is formed as shown in FIG.
48]. At this time, the liquid is applied to the substrate b30 via
a mask (not shown) having a pattern which covers only the
trench b44 as seen in plan so as to prevent the liquid from
entering the trench b44. As a result, the liquid photosensitive
resin is applied only on the substrate b30 to form the resin
film b46 on the substrate b30. The resin film b46 on the front
surface b30A has a flat surface extending along the front
surface b30A.

Since the liquid does not enter the trench b44, the resin
film b46 is not formed in the trench b44. The formation of
the resin film b46 may be achieved by spin-coating with the
liquid or applying a photosensitive resin sheet on the front
surface b30A of the substrate b30, rather than by spraying
the liquid photosensitive resin. In turn, the resin film b46 is
heat-treated (cured). Thus, the resin film b46 is thermally
shrunk to a smaller thickness, and hardened to have a stable
film quality.

In turn, as shown in FIG. 48K, parts of the resin film b46
aligned with the pad regions b22P of the interconnection
film b22 (openings b25) on the front surface b30A as seen
in plan are selectively removed by patterning the resin film
b46. More specifically, the resin film b46 is exposed to light
with the use of a mask b62 of a pattern having openings b61
aligned with (corresponding to) the pad regions b22P as seen
in plan, and then developed in the pattern. Thus, the parts of
the resin film b46 are removed from above the pad regions
b22P. Then, parts of the insulative film b45 on the pad
regions b22P are removed by RIE using a mask not shown,
whereby the openings b25 are uncovered to expose the pad
regions b22P.

In turn, Ni/Pd/Au multilayer films are formed in the
openings b25 on the pad regions b22P by depositing Ni, Pd
and Au by electroless plating, whereby the first and second
electrodes b3, b4 are formed on the pad regions b22P as
shown in FIG. 48L. FIG. 52 is a diagram for explaining a
production process for the first and second electrodes.

Referring to FIG. 52, more specifically, surfaces of the
pad regions b22P are cleaned (to be degreased), whereby
organic substances (smut such as carbon smut and greasy
dirt) are removed from the surfaces (Step S1). Then, oxide
films are removed from the surfaces (Step S2). In turn, the
surfaces are zincated, whereby Al (of the interconnection
film b22) in the surfaces is replaced with Zn (Step S3).
Subsequently, Zn in the surfaces is removed by nitric acid or
the like, whereby Al is newly exposed on the pad regions
b22P (Step S4).

Then, the pad regions b22P are immersed in a plating
liquid, whereby the new Al surfaces of the pad regions b22P



US 9,484,135 B2

59

are plated with Ni. Thus, Ni in the plating liquid is chemi-
cally reduced to be deposited on the surfaces, whereby Ni
layers b33 are respectively formed on the surfaces (Step S5).
In turn, surfaces of the Ni layers b33 are plated with Pd by
immersing the Ni layers b33 in another plating liquid. Thus,
Pd in the plating liquid is chemically reduced to be deposited
on the surfaces of the Ni layers b33, whereby Pd layers b34
are respectively formed on the surfaces of the Ni layers b33
(Step S6).

Then, surfaces of the Pd layers b34 are plated with Au by
immersing the Pd layers b34 in further another plating
liquid. Thus, Au in the plating liquid is chemically reduced
to be deposited on the surfaces of the Pd layers b34, whereby
Au layers b35 are respectively formed on the surfaces of the
Pd layers b34 (Step S7). Thus, the first and second electrodes
b3, b4 are formed. After the first and second electrodes b3,
b4 thus formed are dried (Step S8), the process for produc-
ing the first and second electrodes b3, b4 is completed.
Between the consecutive steps, a rinsing step is performed
as required for rinsing the semi-finished products b50 with
water. Further, the zincation may be performed a plurality of
times.

FIG. 48L shows the semi-finished product b50 formed
with the first electrode b3 and the second electrode b4. As
described above, the first and second electrodes b3, b4 are
formed by the electroless plating. As compared with a case
in which electrolytic plating is employed for the formation
of the first and second electrodes b3, b4, therefore, the
number of process steps required for the formation of the
first and second electrodes b3, b4 can be reduced (e.g., a
lithography step, a resist mask removing step and the like
required for the electrolytic plating can be obviated), thereby
improving the productivity of the chip resistor b1. Further,
the electroless plating does not require a resist mask which
may be required for the electrolytic plating. This improves
the positional accuracy of the first and second electrodes b3,
b4 and hence the yield without the possibility of displace-
ment of the first and second electrodes b3, b4 due to offset
of the resist mask.

Thus, the first and second electrodes b3, b4 are formed.
After a continuity test is performed between the first elec-
trode b3 and the second electrode b4, the substrate b30 is
ground from the back surface b30B. More specifically, as
shown in FIG. 48M, a thin-plate support tape b71 of PET
(polyethylene terephthalate) having an adhesive surface b72
is applied to the semi-finished products b50 with the adhe-
sive surface b72 bonded to the first and second electrodes
b3, b4 of the respective semi-finished products b50 (i.e., on
the side of the front surface b30A) after the formation of the
trench b44. Thus, the semi-finished products b50 are sup-
ported by the support tape b71. Here, a laminate tape, for
example, may be used as the support tape b71.

With the semi-finished products b50 supported by the
support tape b71, the substrate b30 is ground from the back
surface b30B. After the substrate b30 is thinned to the
bottom wall b44B of the trench b44 (see FIG. 48L) by the
grinding, nothing connects the adjacent semi-finished prod-
ucts b50. Therefore, the substrate b30 is divided into the
individual semi-finished products b50 along the trench b44.
Thus, the chip resistors bl are completed. That is, the
substrate b30 is divided (split) along the trench b44 (i.e.,
along the boundary region 7Z), whereby the individual chip
resistors b1 are separated from each other. Alternatively, the
chip resistors bl may be separated from each other by
etching the substrate b30 from the back surface b30B to the
bottom wall b44B of the trench b44.
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The wall surfaces b44C of the side walls b44A of the
trench b44 provide the side surfaces b2C to b2F of the
substrates b2 of the respective completed chip resistors bl,
and the back surface b30B provides the back surfaces b2B
of the respective chip resistors bl. That is, the step of
forming the trench b44 by the etching as described above
(see FIG. 48H) is involved in the step of forming the side
surfaces b2C to b2F. Further, the insulative film b45 pro-
vides the passivation films b23 of the respective chip resis-
tors bl, and the divided resin film b46 provides the resin
films b24 of the respective chip resistors bl.

As described above, the chip resistors b1 (chip compo-
nents) formed in the respective chip component regions Y
defined on the substrate b30 are simultaneously separated
from each other (the individual chip resistors bl can be
simultaneously provided) by forming the trench b44 in the
substrate b30 and then grinding the substrate b30 from the
back surface b30B. This reduces the time required for the
production of the plurality of chip resistors bl, thereby
improving the productivity of the chip resistors bl.

The back surface b2B of the substrate b2 of each of the
completed chip resistors bl may be polished or etched to be
mirror-finished. In the chip resistor b1, as described above,
desired first resistor bodies R1 can be isolated from the first
resistor circuit network b31 or incorporated into the first
resistor circuit network b31 by selectively disconnecting one
or more first fuses F1. Similarly, desired second resistor
bodies R2 can be isolated from the second resistor circuit
network b32 or incorporated into the second resistor circuit
network b32 by selectively disconnecting one or more
second fuses F2. In this manner, the resistance of the overall
chip resistor bl can be adjusted at a desired value, so that the
chip resistor bl can be easily and speedily adapted for any
of plural resistance values. That is, the chip resistor b1 can
be easily adapted for plural resistance requirements based on
the same design configuration. The resistance value of the
chip resistor bl adjusted in this manner is highly accurate
with its tolerance being not greater than 1% in absolute
value.

The resistance temperature coefficient of the overall chip
resistor bl can be controlled to have a reduced absolute
value by connecting the first resistor circuit network b31
having a positive resistance temperature coefficient and the
second resistor circuit network b32 having a negative resis-
tance temperature coeflicient to each other. This improves
the accuracy of the chip resistor bl. Particularly, the chip
resistor b1 has an overall resistance temperature coeflicient
of not greater than 300 ppm/® C. in absolute value, so that
the accuracy of the chip resistor bl can be improved.

While the chip resistor b1 according to the second refer-
ence embodiment has thus been described, the second ref-
erence embodiment may be embodied in other forms. In the
aforementioned examples, the chip resistor bl includes a
plurality of resistor circuits having different resistance val-
ues defined by the geometric progression with a geometric
ratio r (0<r, r=1) of r=2 by way of example, but the
geometric ratio for the geometric progression may have a
value other than 2.

The insulative layer b20 is provided on the front surface
of the substrate b2. Where the substrate b2 is an insulative
substrate, however, the insulative layer b20 may be obvi-
ated. In the first electrode b3 and the second electrode b4, the
Pd layer b34 to be provided between the Ni layer b33 and the
Au layer b35 may be obviated. If the Au layer b35 is free
from the pin hole described above, the Pd layer b34 may be
obviated with proper adhesion between the Ni layer b33 and
the Au layer b35.
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FIG. 53 is a perspective view showing the appearance of
a smartphone as an exemplary electronic device which
employs the chip component according to the second refer-
ence embodiment. The smartphone b201 includes electronic
components provided in a housing b202 having a flat
rectangular prismatic shape. The housing b202 has a pair of
rectangular major surfaces on its front and back sides, and
the pair of major surfaces are connected to each other by
four side surfaces. A display screen of a display panel b203
such as a liquid crystal panel or an organic EL panel is
exposed on one of the major surfaces of the housing b202.
The display screen of the display panel b203 serves as a
touch panel to provide an input interface to a user.

The display panel b203 has a rectangular shape occupying
the most of the one major surface of the housing b202.
Operation buttons b204 are provided alongside one shorter
edge of the display panel b203. In this example, a plurality
of operation buttons b204 (three operation buttons b204) are
arranged alongside the shorter edge of the display panel
b203. The user operates the smartphone b201 by operating
the operation buttons b204 and the touch panel to call and
execute a necessary function.

A speaker b205 is disposed adjacent the other shorter edge
of the display panel b203. The speaker b205 serves as a
reception port for a telephone function, and as an audio unit
for playing music data and the like. On the other hand, a
microphone b206 is provided adjacent the operation buttons
b204 on one of the side surfaces of the housing b202. The
microphone b206 serves as a transmission port for the
telephone function, and as a microphone for recording.

FIG. 54 is a schematic plan view showing the configu-
ration of a circuit assembly b100 accommodated in the
housing b202. The circuit assembly b100 includes a mount
substrate b9, and circuit components mounted on a mount
surface b9A of the mount substrate b9. The circuit compo-
nents include a plurality of integrated circuit elements (ICs)
b212 to b220, and a plurality of chip components. The ICs
include a transmission IC b212, a so-called One-Seg TV
receiving IC b213, a GPS receiving IC b214, an FM tuner IC
b215, a power source IC b216, a flash memory b217, a
microcomputer b218, a power source IC b219, and a base
band IC b220. The chip components include chip inductors
b221, b225, b235, chip resistors (corresponding to the chip
resistor of the second reference embodiment) b222, b224,
b233, chip capacitors b227, 230, b234, and chip diodes
b228, b231.

The transmission IC b212 incorporates an electronic
circuit which generates display control signals for the dis-
play panel b203 and receives signals inputted from the touch
panel on the surface of the display panel b203. A flexible
interconnection b209 is connected to the transmission IC
b212 for connection to the display panel b203. The One-Seg
TV receiving IC 1213 incorporates an electronic circuit
which serves as a receiver for receiving signals of so-called
One-Seg broadcast (terrestrial digital television broadcast
for mobile devices). The chip inductors b221 and the chip
resistors b222 are provided adjacent the One-Seg TV receiv-
ing IC b213. The One-Seg TV receiving 1C b213, the chip
inductors b221 and the chip resistors b222 constitute a
One-Seg broadcast receiving circuit b223. The chip induc-
tors b221 each have an accurately adjusted inductance, and
the chip resistors b222 each have an accurately adjusted
resistance. Thus, the One-Seg broadcast receiving circuit
b223 has a highly accurate circuit constant.

The GPS receiving IC b214 incorporates an electronic
circuit which receives signals from a GPS satellite and
outputs the positional information of the smartphone b201.
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The FM tuner IC b215, and the chip resistors b224 and the
chip inductors b225, which are mounted adjacent the FM
tuner IC b215 on the mount substrate b9, constitute an FM
broadcast receiving circuit b226. The chip resistors b224
each have an accurately adjusted resistance, and the chip
inductors b225 each have an accurately adjusted inductance.
Thus, the FM broadcast receiving circuit b226 has a highly
accurate circuit constant.

The chip capacitors b227 and the chip diodes b228 are
mounted adjacent the power source IC b216 on the mount
surface of the mount substrate b9. The power source IC
b216, the chip capacitors b227 and the chip diodes b228
constitute a power source circuit b229. The flash memory
b217 is a storage which stores an operating system program,
data generated in the smartphone b201, and data and pro-
grams acquired from the outside by communication func-
tion.

The microcomputer b218 incorporates a CPU, a ROM
and a RAM, and serves as a processing circuit which
performs a variety of processing operations to execute
functions of the smartphone b201. More specifically, the
microcomputer b218 performs processing operations for
image processing and a variety of application programs. The
chip capacitors b230 and the chip diodes b231 are mounted
adjacent the power source IC b219 on the mount surface of
the mount substrate b9. The power source IC b219, the chip
capacitors b230 and the chip diodes b231 constitute a power
source circuit b232.

The chip resistors b233, the chip capacitors b234 and the
chip inductors b235 are mounted adjacent the base band IC
b220 on the mount surface b9A of the mount substrate b9.
The base band IC b220, the chip resistors b233, the chip
capacitors b234 and the chip inductors b235 constitute a
base band communication circuit b236. The base band
communication circuit b236 provides communication func-
tions for telephone communications and data communica-
tions.

With this arrangement, electric power properly controlled
by the power source circuits b229, b232 is supplied to the
transmission IC 1212, the GPS receiving IC b214, the
One-Seg broadcast receiving circuit b223, the FM broadcast
receiving circuit b226, the base band communication circuit
b236, the flash memory b217 and the microcomputer b218.
The microcomputer b218 performs a processing operation in
response to input signals inputted thereto via the transmis-
sion IC b212, and outputs display control signals from the
transmission IC b212 to the display panel b203 to cause the
display panel b203 to perform a variety of display opera-
tions.

When a command for receiving One-Seg broadcast is
given by operating the touch panel or the operation buttons
b204, the One-Seg broadcast is received by the function of
the One-Seg broadcast receiving circuit b223. Then, a pro-
cessing operation for outputting a received image on the
display panel b203 and outputting a received sound from the
speaker b205 is performed by the microcomputer b218.
When the positional information of the smartphone b201 is
required, the microcomputer b218 acquires positional infor-
mation outputted from the GPS receiving IC b214 and
performs a processing operation using the positional infor-
mation.

Further, when a command for receiving FM broadcast is
inputted by operating the touch panel or the operation
buttons b204, the microcomputer b218 actuates the FM
broadcast receiving circuit b226 and performs a processing
operation for outputting a received sound from the speaker
b205. The flash memory b217 is used for storing data
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acquired through communications, and for storing data
generated by performing a processing operation by the
microcomputer b218 or data generated by inputting from the
touch panel. As required, the microcomputer b218 writes
data in the flash memory b217 and reads data from the flash
memory b217.

The functions of the telephone communications and the
data communications are performed by the base band com-
munication circuit b236. The microcomputer b218 controls
the base band communication circuit b236 to perform opera-
tions for transmitting and receiving sounds and data.
<Third Reference Embodiment of Present Invention>
(1) Inventive Features of Third Reference Embodiment

The third reference embodiment has, for example, the
following inventive features (C1) to (C17):

(C1) A chip resistor is provided, which includes: a substrate;
a pair of electrodes provided on the substrate; a plurality
of resistor elements provided between the pair of elec-
trodes, the resistor elements each including a resistive
film provided on the substrate and made of a material
having a resistance temperature coefficient of not less than
200 ppm/°® C. in absolute value, and an interconnection
film provided in contact with the resistive film; and a
plurality of fuses which are disconnectably connect the
resistor elements between the pair of electrodes.

With this arrangement, one or more of the fuses are
selectively disconnected to isolate a desired number of
resistor elements from between the pair of electrodes and to
incorporate a desired number of resistor elements into
between the pair of electrodes. Thus, the resistance of the
overall chip resistor can be accurately adjusted at a target
value. Further, the resistive film of the resistor elements is
made of the material having a resistance temperature coef-
ficient of not less than 200 ppm/® C. in absolute value, so
that the chip resistor is improved in the sensitivity to the
temperature of the resistor elements. As a result, the chip
resistor permits more accurate adjustment of the resistance
value and is suitable for detection of the temperature.

(C2) The chip resistor of the feature (C1) is a temperature
Sensor.

With this arrangement, the chip resistor can be used as the
temperature sensor.

(C3) In the chip resistor of the feature (C1) or (C2), the
resistive film is made of TiON or TiONSi having an
oxygen composition ratio controlled so that the resistance
temperature coefficient is not less than 200 ppm/°® C. in
absolute value. With this arrangement, the resistive film
having a resistance temperature coefficient of not less than
200 ppmy/° C. in absolute value can be made of TiON or
TiONSi having a controlled oxygen composition ratio.

(C4) The resistive film may comprise at least one of TiON,
TiONSi, Pt, Ni and Cu.

(C5) The fuses are preferably made of Al

(C6) The chip resistor of any one of the features (C1) to (C5)
further includes a passivation film provided on the sub-
strate to cover a front surface of the substrate from above
the resistor elements and the fuses.

With this arrangement, the front surface of the substrate,
the resistor elements and the fuses are protected by the
passivation film.

(C7) The chip resistor of the feature (C6) further includes a
protection resin film provided on the passivation film with
the electrodes being exposed therefrom. With this
arrangement, the front surface of the substrate, the resistor
elements and the fuses are protected doubly by the
passivation film and the protection resin film.
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(C8) A chip resistor production method is provided, which
includes the steps of: forming a resistive film of a material
having a resistance temperature coeflicient of not less than
200 ppm/° C. in absolute value on a substrate; forming an
interconnection film on the resistive film; patterning the
interconnection film and the resistive film by etching to
form a plurality of resistor elements and a plurality of
fuses which respectively disconnectably connect the
resistor elements; measuring a total resistance value of the
resistor elements; selecting a to-be-disconnected fuse
from the plurality of fuses based on the measured total
resistance value; and disconnecting the selected fuses.
In this method, the resistance of the overall chip resistor

(the total resistance value) can be accurately adjusted at a
target value by selectively disconnecting one or more of the
fuses. Further, the resistive film of the resistor elements is
made of the material having a resistance temperature coef-
ficient of not less than 200 ppm/® C. in absolute value, so
that the chip resistor is improved in the sensitivity to the
temperature of the resistor elements. As a result, the chip
resistor permits more accurate adjustment of the resistance
value and is suitable for detection of the temperature.

(C9) In the chip resistor production method of the feature
(C8), the chip resistor is a temperature sensor.

In this method, the chip resistor can be used as the
temperature sensor.

(C10) In the chip resistor production method of the feature
(C8) or (C9), the resistive film forming step includes the
step of forming the resistive film from TiON or TiIONSi
while controlling an oxygen composition ratio of TiON or
TiONSi so that the chip resistor has a resistance tempera-
ture coeflicient of not less than 200 ppm/° C. in absolute
value.

In this method, the resistive film having a resistance
temperature coeflicient of not less than 200 ppm/°® C. in
absolute value can be formed of TiON or TiONSi having a
controlled oxygen composition ratio.

(C11) The resistive film forming step may include the step
of forming the resistive film from at least one of TiON,
TiONSI, Pt, Ni and Cu.

(C12) In the chip resistor production method of any one of
the features (C8) to (C11), the etching is reactive ion
etching.

In this method, the resistor elements and the fuses can be
formed with higher accuracy.

(C13) The fuses are preferably made of Al.

(C14) The chip resistor production method of any one of the
features (C8) to (C13) further includes the step of forming
a passivation film on the substrate to cover a front surface
of the substrate from above the resistor elements and the
fuses.

In this method, the front surface of the substrate, the
resistor elements and the fuses are protected by the passi-
vation film.

(C15) The chip resistor production method of the feature
(C14) further includes the step of forming a protection
resin film on the passivation film with the electrodes being
exposed from the protection resin film. In this method, the
front surface of the substrate, the resistor elements and the
fuses are protected doubly by the passivation film and the
protection resin film.

(C16) A circuit assembly preferably includes the chip resis-
tor.

(C17) An electronic device preferably includes the chip
resistor.
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(2) Examples of Third Reference Embodiment of Present
Invention

Examples of the third reference embodiment will herein-
after be described in detail with reference to the attached
drawings. Reference characters shown in FIGS. 55 to 70 are
effective only in FIGS. 55 to 70, so that components
designated by these reference characters may be different
from those designated by the same reference characters in
other embodiments.

FIG. 55(a) is a schematic perspective view for explaining
the construction of a chip resistor according to an example
of the third reference embodiment. The chip resistor c1 is a
minute chip component, and has a rectangular prismatic
shape as shown in FIG. 55(a). The chip resistor c1 has a
rectangular plan shape defined by two perpendicularly inter-
secting edges (a longer edge c81 and a shorter edge c82), one
of which has a length of not greater than 0.4 mm and the
other of which has a length of not greater than 0.2 mm. More
preferably, the chip resistor c1 is dimensioned such as to
have a length L (a length of the longer edge c¢81) of about
0.3 mm, a width W (a length of the shorter edge c82) of
about 0.15 mm, and a thickness T of about 0.1 mm.

The chip resistor c1 is obtained by forming a multiplicity
of chip resistors ¢l in a lattice form on a substrate, then
forming a trench in the substrate, and grinding aback surface
of the substrate (or dividing the substrate along the trench)
to separate the chip resistors c1 from each other. The chip
resistor ¢l principally includes a substrate ¢2 which consti-
tutes a main body of the chip resistor c1, a first connection
electrode ¢3 and a second connection electrode c4 serving as
a pair of external connection electrodes, and a device portion
5 connected to the outside via the first connection electrode
c3 and the second connection electrode c4.

The substrate c¢2 has a generally rectangular prismatic
chip shape. An upper surface of the substrate c2 as seen in
FIG. 55(a) is a front surface c2A. The front surface c2A is
a surface of the substrate c2 on which the device portion c5
is provided, and has a generally rectangular shape. A surface
of the substrate c2 opposite from the front surface c2A with
respect to the thickness of the substrate c2 is a back surface
c2B. The front surface c2A and the back surface ¢2B have
substantially the same size and substantially the same shape,
and are parallel to each other. The front surface c2A has a
rectangular edge portion ¢85 defined along a pair of longer
edges c81 and a pair of shorter edges c82 thereof, and the
back surface ¢2B has a rectangular edge portion ¢90 defined
along a pair of longer edges c81 and a pair of shorter edges
c82 thereof. The edge portion ¢85 and the edge portion c90
coincide with each other when being seen in a normal
direction perpendicular to the front surface c2A (back sur-
face c2B).

In addition to the front surface c2A and the back surface
c2B, the substrate c2 has side surfaces (i.e., a side surface
¢2C, a side surface ¢2D, a side surface ¢2E and a side surface
c2F). The side surfaces intersect (specifically, orthogonally
intersect) the front surface c2A and the back surface ¢2B to
connect the front surface c2A and the back surface ¢2B to
each other. The side surface c2C is disposed between shorter
edges c82 of the front surface c2A and the back surface c2B
on one of longitudinally opposite sides (on a left front side
in FIG. 55(a)). The side surface c2D is disposed between
shorter edges c¢82 of the front surface c2A and the back
surface ¢2B on the other of the longitudinally opposite sides
(on a right rear side in FIG. 55(a)). The side surfaces c2C,
¢2D are longitudinally opposite end faces of the substrate c2.
The side surface c2E is disposed between longer edges c81
of the front surface c2A and the back surface c2B on one of
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widthwise opposite sides (on a left rear side in FIG. 55(a)).
The side surface c2F is disposed between longer edges c81
of the front surface c2A and the back surface c2B on the
other of the widthwise opposite sides (on a right front side
in FIG. 55(a)). The side surfaces c2E, c2F are widthwise
opposite end faces of the substrate c2. The side surfaces c2C,
c2D intersect (specifically, orthogonally intersect) the side
surfaces c2E, c2F. Therefore, a right angle is defined
between adjacent ones of the front surface c2A to the side
surface c2F.

The front surface c2A and the side surfaces c2C to c2F of
the substrate c2 are entirely covered with a passivation film
¢23. More strictly, therefore, the front surface c2A and the
side surfaces c2C to c2F are entirely located on an inner side
(back side) of the passivation film ¢23, and are not exposed
to the outside in FIG. 55 (a). Further, the chip resistor c1 has
a resin film c24 (protection resin film). The resin film c24
covers the entire passivation film ¢23 on the front surface
c2A (the edge portion ¢85 and a portion inward of the edge
portion c85). The passivation film ¢23 and the resin film c24
will be detailed later.

The first connection electrode c¢3 and the second connec-
tion electrode c4 are provided inward of the edge portion ¢85
(in spaced relation from the edge portion ¢85) on the front
surface c2A of the substrate c2, and is partly exposed from
the resin film ¢24 on the front surface. In other words, the
resin film c24 covers the front surface c2A (strictly, the
passivation film ¢23 on the front surface c2A) with the first
connection electrode c3 and the second connection electrode
c4 being exposed therefrom. The first connection electrode
c3 and the second connection electrode c4 each have a
structure such that an Ni (nickel) layer, a Pd (palladium)
layer and an Au (gold) layer are stacked in this order on the
front surface c2A. The first connection electrode ¢3 and the
second connection electrode c4 are spaced from each other
longitudinally of the front surface c2A, and are each elon-
gated widthwise of the front surface c2A. On the front
surface c2A, the first connection electrode ¢3 is disposed
closer to the side surface ¢2C, and the second connection
electrode c4 is disposed closer to the side surface ¢2D in
FIG. 55(a). The first connection electrode ¢3 and the second
connection electrode c4 have substantially the same size and
substantially the same shape as seen in plan in the normal
direction.

The device portion ¢5 is a circuit element, which is
provided between the first connection electrode ¢3 and the
second connection electrode c4 on the front surface c2A of
the substrate c2, and is covered with the passivation film ¢23
and the resin film c24 from the upper side. In this example,
the device portion ¢5 is a resistor portion ¢56. The resistor
portion ¢56 is a circuit network including a plurality of (unit)
resistor bodies Reach having the same resistance value and
arranged in an matrix array on the front surface c2A. The
resistor bodies R are each made of TiON (titanium oxide
nitride) or TiIONSi (TiSiON). The device portion c5 is
electrically connected to portions of an interconnection film
¢22 to be described later, and is electrically connected to the
first connection electrode c¢3 and the second connection
electrode c4 via the interconnection film portions ¢22. That
is, the device portion ¢5 (a plurality of resistor bodies R) are
provided on the substrate ¢2, and connected between the first
connection electrode c3 and the second connection electrode
c4.

FIG. 55(b) is a schematic sectional view of a circuit
assembly taken longitudinally of the chip resistor, which is
mounted on a mount substrate. In FIG. 55(b), only major
portions are illustrated in section.
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As shown in FIG. 55(b), the chip resistor c1 is mounted
on the mount substrate ¢9. In this state, the chip resistor c1
and the mount substrate c9 constitute the circuit assembly
¢100. In FIG. 55(b), an upper surface of the mount substrate
c9 serves as amount surface c9A. A pair of lands c88 (two
lands c88) connected to an internal circuit (not shown) of the
mount substrate c¢9 are provided on the mount surface c9A.
The lands c¢88 are each made of, for example, Cu. Solder
pieces c13 are provided on surfaces of the respective lands
c88 as projecting from the surfaces.

When the chip resistor c1 is to be mounted on the mount
substrate ¢9, a suction nozzle c¢91 of an automatic mounting
machine (not shown) sucks the back surface ¢2B of the chip
resistor c1 and is moved to transport the chip resistor c1. At
this time, the suction nozzle c91 sucks a generally longitu-
dinally middle portion of the back surface ¢2B. Then, the
suction nozzle ¢91 sucking the chip resistor c1 is moved to
the mount substrate c9. At this time, the front surface c2A of
the chip resistor c1 is opposed to the mount surface c9A of
the mount substrate ¢9. In this state, the suction nozzle c91
is moved to be pressed against the mount substrate c9,
whereby the first connection electrode ¢3 of the chip resistor
cl is brought into contact with the solder piece c13 on one
of the lands ¢88 and the second connection electrode c4 is
brought into contact with the solder piece c13 on the other
land ¢88. Then, the solder pieces cl13 are heated to be
melted. When the solder pieces c13 are thereafter cooled to
be solidified, the first connection electrode ¢3 is bonded to
the one land ¢88 and the second connection electrode c4 is
bonded to the other land c88 by the respective solder pieces
c13. That is, the first connection electrode ¢3 and the second
connection electrode c4 are soldered to the two lands c88.
Thus, the chip resistor c1 is mounted on the mount substrate
c9 (through flip-chip connection), whereby the circuit
assembly c100 is completed. The first connection electrode
c3 and the second connection electrode c4 functioning as the
external connection electrodes are desirably formed of gold
(Au) or surface-plated with gold as will be described later
for improvement of solder wettability and for improvement
of reliability.

Next, other arrangement of the chip resistor c¢1 will be
mainly described. FIG. 56 is a plan view of the chip resistor
showing the layout of the first connection electrode, the
second connection electrode and the device portion, and the
structure (layout pattern) of the device portion as viewed in
plan. Referring to FIG. 56, the device portion ¢5 is a resistor
circuit network. More specifically, the device portion c5
includes 352 resistor bodies R in total with 8 resistor bodies
R aligned in each row (longitudinally of the substrate c2)
and with 44 resistor bodies R aligned in each column
(widthwise of the substrate c2). These resistor bodies R are
device elements constituting the resistor circuit network.

The multiplicity of resistor bodies R are grouped in
predetermined numbers, and a predetermined number of
resistor bodies R (1 to 64 resistor bodies R) in each group are
electrically connected to one another, whereby plural types
of resistor circuits are formed. The plural types of resistor
circuits thus formed are connected to one another in a
predetermined form via conductor films D (film intercon-
nections made of a conductor). Further, a plurality of dis-
connectable (fusible) fuses F are provided on the front
surface c2A of the substrate c2 for electrically incorporating
the resistor circuits into the device portion ¢5 or electrically
isolating the resistor circuits from the device portion ¢5. The
fuses F and the conductor films D are arranged in a linear
region alongside an inner edge of the first connection
electrode ¢3. More specifically, the fuses F and the conduc-
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tor films D are arranged in adjacent relation in a linear
arrangement direction. The fuses F disconnectably (separa-
bly) connect the plural types of resistor circuits (each
including a plurality of resistor bodies R) between the first
connection electrode c3 and the second connection electrode
c4 (strictly, with respect to the first connection electrode ¢3).

FIG. 57A is a plan view illustrating a part of the device
portion shown in FIG. 56 on an enlarged scale. FIG. 57B is
a longitudinal vertical sectional view taken along a line B-B
in FIG. 57A for explaining the structure of the resistor
bodies of the device portion. FIG. 57C is a widthwise
vertical sectional view taken along a line C-C in FIG. 57A
for explaining the structure of the resistor bodies of the
device portion. Referring to FIGS. 57A, 57B and 57C, the
structure of the resistor bodies R will be described.

The chip resistor c1 includes an insulative layer c20 and
a resistive film ¢21 in addition to the interconnection film
¢22, the passivation film ¢23 and the resin film c24 described
above (see FIGS. 57B and 57C). The insulative layer c20,
the resistive film c¢21, the interconnection film ¢22, the
passivation film ¢23 and the resin film c24 are provided on
the substrate ¢2 (on the front surface c2A). The insulative
layer c20 is made of SiO, (silicon oxide). The insulative
layer c20 covers the entire front surface c2A of the substrate
CAZ. The insulative layer ¢20 has a thickness of about 10000

The resistive film c21 is provided on the insulative layer
¢20. The resistive film ¢21 is made of TiN, TiON or TiONS;i.
The resistive film ¢21 has a thickness of about 2000 A. The
resistive film ¢21 includes a plurality of resistive film
portions (hereinafter referred to as “resistive film lines
c21A”) extending linearly parallel to each other between the
first connection electrode c¢3 and the second connection
electrode c4. Some of the resistive film lines c21A are cut at
predetermined positions with respect to a line extending
direction (see FIG. 57A).

Portions of the interconnection film ¢22 are provided on
the resistive film lines c21A. The interconnection film
portions ¢22 are each made of Al (aluminum) or an alloy
(AlCu alloy) of aluminum and Cu (copper). The intercon-
nection film portions ¢22 each have a thickness of about
8000 A. The interconnection film portions ¢22 are provided
on the resistive film lines c21A in contact with the resistive
film lines c21A, and spaced a predetermined distance R from
one another in the line extending direction.

In FIG. 58, the electrical characteristic features of the
resistive film lines c21A and the interconnection film por-
tions ¢22 of this arrangement are shown by way of circuit
symbols. As shown in FIG. 58 (a), portions of each of the
resistive film lines c21A present between the interconnection
film portions c22 spaced the predetermined distance R from
one another each serve as a single resistor body R having a
predetermined resistance value r. The interconnection film
portions ¢22, which electrically connect adjacent resistor
bodies R to each other, cause short circuit in regions of the
resistive film lines c21A on which the interconnection film
portions ¢22 are provided. Thus, a resistor circuit is pro-
vided, in which the resistor bodies R each having a resis-
tance r are connected in series as shown in FIG. 58(b).

Further, adjacent resistive film lines c21A are connected
to each other by the resistive film ¢21 and the interconnec-
tion film ¢22, so that the resistor circuit network of the
device portion ¢5 shown in FIG. 57A constitute a resistor
circuit (including resistor bodies R each having a unit
resistance as described above) shown in FIG. 58(c). Thus,
the resistive film ¢21 and the interconnection film ¢22 form
the resistor bodies R and the resistor circuits (i.e., the device



US 9,484,135 B2

69

portion c5). The resistor bodies R are each constituted by a
resistive film line c21A (resistive film ¢21) and a plurality of
interconnection film portions ¢22 provided on the resistive
film line ¢21A and spaced the predetermined distance in the
line extending direction, and portions of the resistive film
lines c21A not provided with the interconnection film por-
tions ¢22 spaced the predetermined distance R from one
another each define a single resistor body R. The portions of
the resistive film lines c21A defining the resistor bodies R
each have the same shape and the same size. Therefore, the
multiplicity of resistor bodies R arranged in the matrix array
on the substrate c2 each have the same resistance value.

The interconnection film portions ¢22 provided on the
resistive film lines c21A define the resistor bodies R, and
also serve as conductor films D for connecting the resistor
bodies R to one another to provide the resistor circuits (see
FIG. 56). FIG. 59(a) is an enlarged partial plan view
illustrating a region of the chip resistor including the fuses
shown in a part of the plan view of FIG. 56 on an enlarged
scale, and FIG. 59(b) is a diagram showing a sectional
structure taken along a line B-B in FIG. 59(a).

As shown in FIGS. 59(a) and 59(5), the fuses F and the
conductor films D described above are formed from the
same interconnection film c¢22 as the interconnection film
portions ¢22 provided on the resistive film c21 for the
resistor bodies R. That is, the fuses F and the conductor films
D are formed of Al or the AlCu alloy, which is the same
metal material as for the interconnection film portions ¢22
provided on the resistive film lines c21A to define the
resistor bodies R, and provided at the same level as the
interconnection film portions c¢22. As described above, the
interconnection film ¢22 is also used for the conductor films
D for electrically connecting the plurality of resistor bodies
R to form the resistor circuits.

That is, the interconnection film portions ¢22 for defining
the resistor bodies R, the interconnection film portions ¢22
for the fuses F and the conductor films D, and the intercon-
nection film portions ¢22 for connecting the device portion
c5 to the first connection electrode c¢3 and the second
connection electrode c4 are formed of the same metal
material (Al or the AlCu alloy) and provided at the same
level on the resistive film c21. It is noted that the fuses F are
different (discriminated) from the other interconnection film
portions ¢22 in that the fuses F are thinner for easy discon-
nection and no circuit element is present around the fuses F.

A region of the interconnection film ¢22 in which the
fuses F are disposed is herein referred to as “trimming region
X (see FIGS. 56 and 59(a)). The trimming region X linearly
extends alongside the inner edge of the first connection
electrode c3, and not only the fuses F but also some of the
conductor films D are present in the trimming region X. The
resistive film ¢21 is partly present below the trimming
region X of the interconnection film ¢22 (see FIG. 59(5)).
The fuses F are each spaced a greater distance from the
surrounding interconnection film portions ¢22 than the other
interconnection film portions ¢22 present outside the trim-
ming region X.

The fuses F each do not simply designate a part of the
interconnection film portion ¢22, but may each designate a
fuse element which is a combination of a part of the resistor
body R (resistive film ¢21) and a part of the interconnection
film portion ¢22 on the resistive film c21. In the above
description, the fuses F are located at the same level as the
conductor films D, but an additional conductor film may be
provided on the respective conductor films D to reduce the
resistance values of the conductor films D as a whole. Even
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in this case, the fusibility of the fuses F is not reduced as
long as the additional conductor film is not present on the
fuses F.

FIG. 60 is an electric circuit diagram of the device portion
according to the example of the third reference embodiment.
Referring to FIG. 60, the device portion c5 includes a
reference resistor circuit R8, a resistor circuit R64, two
resistor circuits R32, a resistor circuit R16, a resistor circuit
R8, a resistor circuit R4, a resistor circuit R2, a resistor
circuit R1, a resistor circuit R/2, a resistor circuit R/4, a
resistor circuit R/8, a resistor circuit R/16 and a resistor
circuit R/32, which are connected in series in this order from
the first connection electrode c3. The reference resistor
circuit R8 and the resistor circuits R64 to R2 each include
resistor bodies R in the same number as the suffix number of
the reference character (e.g., 64 resistor bodies for the
resistor circuit R64), wherein the resistor bodies R are
connected in series. The resistor circuit R1 includes a single
resistor body R. The resistor circuits R/2 to R/32 each
include resistor bodies Rin the same number as the suffix
number of the reference character (e.g., 32 resistor bodies
for the resistor circuit R/32), wherein the resistor bodies R
are connected in parallel. The suffix number of the reference
character for the designation of the resistor circuit has the
same definition in FIGS. 61 and 62 to be described later.

A single fuse F is connected in parallel to each of the
resistor circuits R64 to R/32 except the reference resistor
circuit R8. The fuses F are connected in series to one another
directly or via the conductor films D (see FIG. 59(a)). With
none of the fuses F fused off as shown in FIG. 60, the device
portion c¢5 provides a resistor circuit such that the reference
resistor circuit R8 including 8 resistor bodies R connected in
series is provided between the first connection electrode ¢3
and the second connection electrode c4. Where the resistor
bodies R each have a resistance value r of r=8Q, for
example, the chip resistor c1 is configured such that the first
connection electrode c3 and the second connection electrode
c4 are connected to each other through the resistor circuit
(reference resistor circuit R8) having a resistance value of
8r=64Q.

With none of the fuses F fused off, the plural types of
resistor circuits except the reference resistor circuit R8 are
short-circuited. That is, 12 types of 13 resistor circuits R64
to R/32 are connected in series to the reference resistor
circuit R8, but are short-circuited by the fuses F connected
in parallel thereto. Therefore, each of the resistor circuits is
not electrically incorporated in the device portion c5.

In the chip resistor c1 according to this example, the fuses
F are selectively fused off, for example, by a laser beam
according to the required resistance value. Thus, a resistor
circuit connected in parallel to a fused fuse F is incorporated
in the device portion c5. Therefore, the device portion ¢5 has
an overall resistance value which is controlled by connect-
ing, in series, resistor circuits incorporated by fusing off the
corresponding fuses F.

Particularly, the plural types of resistor circuits include
plural types of serial resistor circuits which respectively
include 1, 2, 4, 8, 16, 32, . . . resistor bodies R (whose
number increases in a geometrically progressive manner
with a geometric ratio of 2) each having the same resistance
value and connected in series, and plural types of parallel
resistor circuits which respectively include 2, 4, 8, 16, . . .
resistor bodies R (whose number increases in a geometri-
cally progressive manner with a geometric ratio of 2) each
having the same resistance value and connected in parallel.
Therefore, the overall resistance value of the device portion
c5 (resistor portion ¢56) can be digitally and finely con-
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trolled to a desired resistance value by selectively fusing off
the fuses F (or the fuse elements described above). Thus, the
chip resistor ¢l can have the desired resistance value.

FIG. 61 is an electric circuit diagram of a device portion
according to another example of the third reference embodi-
ment. The device portion ¢5 may be configured as shown in
FIG. 61, rather than by connecting the resistor circuits R64
to R/32 in series to the reference resistor circuit R8 as shown
in FIG. 60. More specifically, the device portion ¢5 may
include a circuit configured such that a parallel connection
circuit including 12 types of resistor circuits R/16, R/8, R/4,
R/2, R1, R2, R4, R8, R16, R32, R64, R128 is connected in
series to a reference resistor circuit R/16 between the first
connection electrode c3 and the second connection electrode
c4.

In this case, a fuse F is connected in series to each of the
12 types of resistor circuits except the reference resistor
circuit R/16. With none of the fuses F fused off, all the
resistor circuits are electrically incorporated in the device
portion c5. The fuses F are selectively fused off, for
example, by a laser beam according to the required resis-
tance value. Thus, a resistor circuit associated with a fused
fuse F (a resistor circuit connected in series to the fused fuse
F) is electrically isolated from the device portion ¢5 to
control the overall resistance value of the chip resistor cl.

FIG. 62 is an electric circuit diagram of a device portion
according to further another example of the third reference
embodiment. The device portion ¢5 shown in FIG. 62 has a
characteristic configuration such that a serial connection
circuit including plural types of resistor circuits is connected
in series to a parallel connection circuit including plural
types of resistor circuits. As in the previous example, a fuse
F is connected in parallel to each of the plural types of
resistor circuits connected in series, and all the plural types
of resistor circuits connected in series are short-circuited by
the fuses F. With a fuse F fused off, therefore, a resistor
circuit which has been short-circuited by that fuse F is
electrically incorporated in the device portion c5.

On the other hand, a fuse F is connected in series to each
of the plural types of resistor circuits connected in parallel.
With a fuse F fused off, therefore, a resistor circuit which has
been connected in series to that fuse F is electrically isolated
from the parallel connection resistor circuits. With this
arrangement, for example, a resistance of smaller than 1 k€2
may be formed in the parallel connection side, and a resistor
circuit of 1 kQ or greater may be formed in the serial
connection side. Thus, a resistor circuit having a resistance
value in a wide range from a smaller resistance value on the
order of several ohms to a greater resistance value on the
order of several megaohms can be produced from a resistor
circuit network designed based on the same basic design
concept. That is, the chip resistor ¢l can be easily and
speedily customized to have any of plural resistance values
by selectively disconnecting one or more of the fuses F. In
other words, the chip resistor c1 can be customized based on
the same design concept so as to have various resistance
values by selectively combining the resistor bodies R having
different resistance values.

In the chip resistor c1, as described above, the connection
of the plurality of resistor bodies R (resistor circuits) can be
changed in the trimming region X. FIG. 63 is a schematic
sectional view of the chip resistor. Referring next to FIG. 63,
the chip resistor ¢l will be described in greater detail. In
FIG. 63, the device portion c5 described above is simplified,
and components other than the substrate c2 are hatched for
convenience of description.
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The passivation film ¢23 and the resin film c24 will be
described. The passivation film ¢23 is made of, for example,
SiN (silicon nitride), and has a thickness of 1000 A to 5000
A (here, about 3000 A). The passivation film ¢23 is provided
over the front surface c2A and the side surfaces c2C to c2F.
A portion of the passivation film ¢23 present on the front
surface c2A covers the resistive film c21 and the intercon-
nection film portions ¢22 present on the resistive film c21
(i.e., the device portion c¢5) from the front side (from the
upper side in FIG. 63), thereby covering the upper surfaces
of the resistor bodies R of the device portion c¢5. Thus, the
passivation film portion ¢23 also covers the trimming region
X of the interconnection film ¢22 (the fuses F) (see FIG.
59(b)). Further, the passivation film portion ¢23 contacts the
device portion c¢5 (the interconnection film ¢22 and the
resistive film ¢21), and also contacts the insulative layer c20
in a region not formed with the resistive film c21. Thus, the
passivation film portion ¢23 present on the front surface c2A
covers the front surface c2A from above the device c¢5, the
fuses F and the insulative layer c20, thereby protecting the
front surface c2A of the substrate c2, the resistor bodies R
and the fuses F. On the front surface c2A, the passivation
film portion ¢23 prevents an unintended short circuit which
may be a short circuit other than that occurring between the
interconnection film portions ¢22 present between the resis-
tor bodies R (an unintended short circuit which may occur
between adjacent resistive film lines c21A).

On the other hand, portions of the passivation film ¢23
present on the respective side surfaces c2C to c¢2F function
as protective layers which respectively protect the side
surfaces ¢2C to c2F. The edge portion ¢85 described above
is present on the boundaries between the front surface c2A
and the side surfaces c2C to c2F, and the passivation film
¢23 also covers the boundaries (the edge portion c85). A
portion of the passivation film ¢23 covering the edge portion
¢85 (overlying the edge portion ¢85) is herein referred to as
an edge portion c23A. Since the passivation film ¢23 is a
very thin film, the passivation film portions ¢23 covering the
side surfaces c2C to c2F are regarded as a part of the
substrate c2 in this example. Therefore, the passivation film
portions ¢23 covering the side surfaces c2C to c2F are
regarded as the side surfaces c2C to ¢2F themselves.

Together with the passivation film ¢23, the resin film c24
protects the front surface c2A of the chip resistor c¢1. The
resin film ¢24 is made of a resin such as a polyimide. The
resin film ¢24 has a thickness of about 5 pm. The resin film
c24 is provided on the passivation film portion ¢23 present
on the front surface c2A to cover the entire surface of the
passivation film portion ¢23 (including the resistive film c21
and the interconnection film ¢22 covered with the passiva-
tion film portion ¢23). Therefore, the front surface c2A of the
substrate c¢2, the resistor bodies R and the fuses F are
protected doubly by the passivation film ¢23 and the resin
film c24. An edge portion of the resin film ¢24 coincides
with the edge portion ¢23A of the passivation film ¢23 (the
edge portion ¢85 of the front surface c2A) as seen in plan.

The resin film ¢24 has two openings c25 respectively
formed at two positions spaced from each other as seen in
plan. The openings ¢25 are through-holes extending con-
tinuously thicknesswise through the resin film ¢24 and the
passivation film ¢23. Therefore, not only the resin film c24
but also the passivation film ¢23 has the openings ¢25. The
interconnection film ¢22 is partly exposed from the respec-
tive openings ¢25. The parts of the interconnection film ¢22
exposed from the respective openings c25 serve as pad
regions c22A for the external connection.
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One of the two openings ¢25 is completely filled with the
first connection electrode ¢3, and the other opening ¢25 is
completely filled with the second connection electrode c4.
The first connection electrode c¢3 and the second connection
electrode c4 each have an Ni layer ¢33, a Pd layer ¢34 and
an Au layer ¢35 provided in this order from the front surface
c2A. In each of the first connection electrode c¢3 and the
second connection electrode c4, therefore, the Pd layer ¢34
is disposed between the Ni layer ¢33 and the Au layer c35.
The Ni layer ¢33 occupies the most of each of the first
connection electrode c3 and the second connection electrode
c4, and the Pd layer ¢34 and the Au layer ¢35 are much
thinner than the Ni layer ¢33. When the chip resistor cl is
mounted on the mount substrate c9 (see FIG. 55()), the Ni
layer ¢33 functions to connect the solder c¢13 to Al of the pad
region c22A of the interconnection film ¢22 in each of the
openings c25.

In each of the first connection electrode c3 and the second
connection electrode c4, the surface of the Ni layer ¢33 is
covered with the Au layer ¢35, so that the oxidation of the
Ni layer ¢33 can be prevented. Even if the Au layer ¢35 of
each of the first connection electrode c¢3 and the second
connection electrode c4 has a through-hole (pin hole)
because of its smaller thickness, the Pd layer ¢34 provided
between the Ni layer ¢33 and the Au layer ¢35 closes the
through-hole. This prevents the Ni layer ¢33 from being
exposed to the outside through the through-hole and oxi-
dized.

The Au layers ¢35 are respectively exposed on the out-
ermost surfaces of the first connection electrode c¢3 and the
second connection electrode c4 to the outside from the
openings ¢25 of the resin film c24. The first connection
electrode c3 is kept in contact with and electrically con-
nected to the pad region c22A of the interconnection film
c22 present in the one opening c25 through the one opening
¢25. The second connection electrode c4 is kept in contact
with and electrically connected to the pad region c22A of the
interconnection film ¢22 present in the other opening c25
through the other opening ¢25. The Ni layers ¢33 of the first
connection electrode c3 and the second connection electrode
c4 are respectively connected to the pad regions c22A. Thus,
the first connection electrode ¢3 and the second connection
electrode c4 are electrically connected to the device portion
c5. The interconnection film ¢22 serves as interconnections
connected to the assembly of the resistor bodies R (resistor
portion ¢56), the first connection electrode ¢3 and the second
connection electrode c4.

Thus, the resin film c¢24 and the passivation film c23
formed with the openings ¢25 cover the front surface c2A
with the first connection electrode ¢3 and the second con-
nection electrode c4 being exposed from the respective
openings ¢25. Therefore, the electrical connection between
the chip resistor ¢l and the mount substrate c9 is achieved
through the first connection electrode ¢3 and the second
connection electrode c4 projecting from the surface of the
resin film c24 through the openings c25 (see FIG. 55(b)).

FIGS. 64A to 64G are schematic sectional views showing
a production method for the chip resistor shown in FIG. 63.
First, as shown in FIG. 64A, a substrate c30 is prepared as
a material for the substrate c2. In this case, a front surface
c30A of the substrate c30 corresponds to the front surface
c2A of the substrate ¢2, and a back surface ¢30B of the
substrate ¢30 corresponds to the back surface ¢2B of the
substrate c2.

Then, an insulative layer c20 of SiO, or the like is formed
in the front surface c30A of the substrate ¢30 by thermally
oxidizing the front surface c30A of the substrate c30, and a
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device portion c5 (resistor bodies R and interconnection film
portions c22 connected to the resistor bodies R) is formed on
the insulative layer c20. FIG. 65 is a diagram for explaining
a production process for the device portion. Referring to
FIG. 65, more specifically, a resistive film ¢21 of TiON or
TiONSi is formed on the entire surface of the insulative
layer c20 by a sputtering process (Step S1). The sputtering
process is performed while supplying oxygen and nitrogen.
At this time, nitrogen and oxygen bombard a Ti target,
whereby Ti atoms are ejected from the target. The Ti atoms
are combined with nitrogen atoms and oxygen atoms to
generate TiON, which is deposited on the insulative layer
c20 to form the resistive film c21. Where the substrate c30
is a silicon substrate, TION deposited on the insulative layer
c20 at this time is combined with Si of the substrate c30
underlying the insulative layer c20, and the resistive film c21
of TiIONSI is formed on the insulative layer c20.

The flow rate of oxygen to be supplied during the sput-
tering process is controlled according to an intended resis-
tance temperature coefficient. FIG. 66 is a graph showing a
relationship between the flow rate of oxygen in the sputter-
ing process and the resistance temperature coefficient of the
resistive film in the device portion production process. Here,
the resistance temperature coefficient is one of the tempera-
ture characteristics of the resistive film c21 (resistor bodies
R), and is solely dependent on a substance constituting the
resistive film c21. Therefore, the oxygen flow rate is con-
trolled during the sputtering process, whereby the compo-
sition of TiON or TiONSI constituting the resistive film ¢21
is controlled to adjust the resistance temperature coeflicient
at a desired value.

More specifically, a higher oxygen flow rate in the sput-
tering process promotes the combination of the Ti atoms and
the oxygen atoms, thereby correspondingly increasing the
oxygen composition ratio of TiON or TiONSi of the com-
pleted resistive film ¢21. Referring to FIG. 66, as the oxygen
composition ratio (i.e., the oxygen flow rate) is increased,
the resistance temperature coeflicient of the resistive film
c21 is reduced from a positive value to a negative value. It
is herein found that, where the resistance temperature coef-
ficient is not less than 200 ppm/°® C. in absolute value (see
ranges indicated by bold solid curves in FIG. 66), a change
in the resistance of the resistive film ¢21 (i.e., the resistor
bodies R) with respect to a temperature change increases.
That is, where the resistance temperature coefficient is not
less than 200 ppm/°® C. in absolute value, the sensitivity to
the temperature of the resistor bodies R is increased (the
temperature characteristic of the resistor bodies R is
improved). It is also found that the temperature character-
istic (resistance temperature coeflicient) of the resistor bod-
ies R can be controlled by controlling the oxygen flow rate.

In the sputtering process, the oxygen flow rate is con-
trolled so that the completed resistive film ¢21 has a resis-
tance temperature coefficient of not less than 200 ppm/° C.
in absolute value (Step S1 described above). In FIG. 66,
more specifically, the oxygen flow rate is controlled at not
greater than 7 sccm (11.83x107* Pa-m*/sec in the SI unit)
where the resistance temperature coefficient is to be adjusted
at not less than +200 ppm/° C. Further, the oxygen flow rate
is controlled at not less than 15 sccm (25.35x107* Pa-m>/sec
in the SI unit) where the resistance temperature coefficient is
to be adjusted at not greater than —200 ppm/° C. Thus, the
completed resistive film ¢21 is made of TiION or TiONSi
having an oxygen composition ratio controlled for a resis-
tance temperature coefficient of not less than 200 ppm/° C.
in absolute value. In other words, the resistive film ¢21
having a resistance temperature coefficient of not less than
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200 ppm/° C. in absolute value can be formed of TiON or
TiONSi having a controlled oxygen composition ratio.

Referring to FIG. 65, after the resistive film ¢21 is thus
formed, an interconnection film ¢22 of aluminum (Al) is
formed on the resistive film c21 in contact with the resistive
film ¢21 by another sputtering process different from that of
Step S1 (Step S2). Thereafter, the resistive film ¢21 and the
interconnection film ¢22 are selectively removed to be
patterned by utilizing a photolithography process and dry
etching such as RIE (Reactive lon Etching) (Step S3). Thus,
as shown in FIG. 57A, resistive film lines c21A of the
resistive film ¢21 each having a predetermined width are
arranged at a predetermined interval in a column direction as
seen in plan. At this time, the resistive film lines c21A and
the interconnection film portions ¢22 are partly cut, and
fuses F and conductor films D are formed in the trimming
region X (see FIG. 56). The dry etching makes it possible to
highly accurately form the resistive film lines c21A (later
serving as resistor bodies R) and the fuses F.

Referring back to FIG. 65, in turn, the interconnection
film portions ¢22 provided on the respective resistive film
lines c21A are selectively removed, for example, by wet
etching (Step S4). As a result, the device portion ¢5 (plural
resistor bodies R) is provided, which is configured such that
interconnection film portions ¢22 are spaced a predeter-
mined distance R from one another on the resistive film lines
c21A. At this time, the overall resistance value of the device
portion c5 may be measured in order to check if the resistive
film c21 and the interconnection film c22 are formed as each
having intended dimensions.

Referring to FIG. 64A, a multiplicity of such device
portions ¢5 are formed on the front surface c30A of the
substrate ¢30 according to the number of the chip resistors
cl to be formed on the single substrate ¢30. Regions of the
substrate c30 respectively formed with the device portions
c5 (the aforementioned resistor portions ¢56) are each herein
referred to as a chip component region Y. Therefore, a
plurality of chip component regions Y (i.e., the device
portions ¢5) each having the resistor portion ¢56 are formed
(defined) on the front surface c30A of the substrate ¢30. The
chip component regions Y each correspond to a single
complete chip resistor cl (see FIG. 63) as seen in plan. A
region of the front surface c30A of the substrate ¢30 defined
between adjacent chip component regions Y is herein
referred to as a boundary region Z. The boundary region 7Z
is a zone configured in a lattice shape as seen in plan. The
chip component regions Y are respectively disposed in
lattice areas defined by the lattice-shaped boundary region 7.
Since the boundary region Z has a very small width on the
order of 1 um to 60 um (e.g., 20 um), a multiplicity of chip
component regions Y can be defined on the substrate c30.
This allows for mass production of the chip resistors cl.

Then, as shown in FIG. 64 A, an insulative film c¢45 of SiN
is formed over the entire front surface c30A of the substrate
c30 by a CVD (Chemical Vapor Deposition) method. The
insulative film c45 entirely covers the insulative layer c20
and the device portions c5 (the resistive film c¢21 and the
interconnection film ¢22) present on the insulative layer c20,
and contacts the insulative layer c¢20 and the device portions
¢5. Therefore, the insulative film c45 also covers the trim-
ming regions X of the interconnection film ¢22 (see FIG.
56). Since the insulative film c45 is formed over the entire
front surface c30A of the substrate ¢30, the insulative film
c45 extends to a region other than the trimming regions X on
the front surface c30A. Thus, the insulative film c45 serves
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as a protective film for protecting the entire front surface
c30A (including the device portions c¢5 on the front surface
c30A).

In turn, as shown in FIG. 64B, a resist pattern c41 is
formed over the entire front surface c30A of the substrate
c30 to entirely cover the insulative film c45. The resist
pattern c41 has an opening c42. FIG. 67 is a schematic plan
view showing a part of the resist pattern to be used for
forming a trench in the process step of FIG. 64B.

Referring to FIG. 67, the opening c42 of the resist pattern
c41 is aligned with (or corresponds to) a region (i.e., the
boundary region Z, hatched in FIG. 67) between the con-
tours of adjacent chip resistors cl (i.e., the chip component
regions Y described above) as seen in plan when the chip
resistors ¢l are arranged in a matrix array (or in a lattice
form). As a whole, the opening c42 has a lattice shape
including linear portions c42A and linear portions c42B
orthogonally crossing each other.

The linear portions c42A and the linear portions c42B of
the opening c42 of the resist pattern c41 are connected to
each other as crossing orthogonally to each other (without
any curvature). Therefore, the linear portions c42A and the
linear portions c42B interest each other at an angle of about
90 degrees as seen in plan to form angled intersection
portions c43. Referring to FIG. 64B, parts of the insulative
film c45, the insulative layer ¢20 and the substrate c30 are
selectively removed by plasma etching with the use of the
resist pattern c41 as a mask. Thus, a portion of the substrate
¢30 is removed from the boundary region 7Z defined between
the adjacent device portions ¢5 (chip component regions Y).
As a result, a trench c44 is formed in the position (boundary
region 7Z) corresponding to the opening c42 of the resist
pattern c41 as seen in plan as extending through the insu-
lative film c45 and the insulative layer c¢20 into the substrate
c30 to a depth halfway the thickness of the substrate c30
from the front surface c30A of the substrate c30. The trench
c44 is defined by pairs of side walls c44A opposed to each
other, and a bottom wall c44B extending between lower
edges of the paired side walls c44A (edges of the paired side
walls c44A on the side of the back surface c30B of the
substrate ¢30). The trench c44 has a depth of about 100 um
as measured from the front surface c30A of the substrate
¢30, and a width of about 20 um (as measured between the
opposed side walls c44A) which is constant throughout the
depth.

The trench c44 of the substrate ¢30 has a lattice shape as
a whole corresponding to the shape of the opening c42 (see
FIG. 67) of the resist pattern c41 as seen in plan. On the front
surface c30A of the substrate ¢30, rectangular frame-like
portions of the trench c44 (the boundary region 7) respec-
tively surround the chip component regions Y in which the
device portions c5 are respectively provided. Portions of the
substrate c30 respectively formed with the device portions
c5 are semi-finished products ¢50 of the chip resistors c1.
The semi-finished products ¢50 are respectively located in
the chip component regions Y surrounded by the trench c44
on the front surface c30A of the substrate c30. These
semi-finished products ¢50 are arranged in a matrix array.
By thus forming the trench c44, the substrate ¢30 is divided
into a plurality of substrates c2 respectively defined by the
chip component regions Y.

After the trench c44 is formed as shown in FIG. 64B, the
resist pattern c41 is removed, and the insulative film c45 is
selectively etched off with the use of a mask c65 as shown
in FIG. 64C. The mask c65 has openings c66 formed in
association with portions of the insulative film c45 aligned
with the pad regions c22A (see FIG. 63) as seen in plan.
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Thus, the portions of the insulative film c45 aligned with the
openings c66 are etched off, whereby openings c25 are
formed in these portions of the insulative film c45. Thus, the
pad regions c22A are exposed from the insulative film c45
in the openings ¢25. The semi-finished products ¢50 each
have two openings c25.

After the two openings ¢25 are formed in the insulative
film c45 of each of the semi-finished products ¢50, probes
c¢70 of a resistance measuring device (not shown) are
brought into contact with the pad regions c22A in the
respective openings ¢25 to measure the overall resistance
value of the device portion c5 (the total resistance value of
the resistor bodies R). Based on the results of the measure-
ment, a fuse F to be disconnected is selected from the
plurality of fuses F.

Subsequently, a laser beam (not shown) is applied to a
(selected) fuse F (see FIG. 56) through the insulative film
c45, whereby the fuse F in the trimming region X of the
interconnection film ¢22 is trimmed by the laser beam to be
disconnected (fused off). Thus, the overall resistance value
of the semi-finished product ¢50 (i.e., the chip resistor cl)
can be controlled, as described above, by selectively fusing
off (trimming) the fuse F for the required resistance value. At
this time, the insulative film c45 serves as a cover film which
covers the device portions c5, thereby preventing a short
circuit which may otherwise occur when a debris occurring
during the fuse-off adheres to any of the device portions c5.
Further, the insulative film c45 covers the fuses F (resistive
film ¢21), so that the selected fuse F can be reliably fused off
by accumulating the energy of the laser beam therein.

Thereafter, SiN is further deposited on the insulative film
c45 by the CVD method to thicken the insulative film c45.
At this time, as shown in FIG. 64D, the insulative film c45
is also formed on the entire inner peripheral surface of the
trench c44 (the wall surfaces c44C of the side walls c44A
and an upper surface of the bottom wall c44B). The insu-
lative film c45 finally has a thickness of 1000 A to 5000 A
(here, about 3000 A) (in a state shown in FIG. 64D). At this
time, the insulative film c45 partly enters the openings ¢25
to close the openings c25.

Thereafter, a liquid photosensitive resin of a polyimide is
sprayed over the resulting substrate ¢30 from above the
insulative film c45. Thus, a photosensitive resin film c46 is
formed as shown in FIG. 64D. At this time, the liquid is
applied to the substrate c¢30 via a mask (not shown) having
a pattern which covers only the trench c44 as seen in plan so
as to prevent the liquid from entering the trench c44. As a
result, the liquid photosensitive resin is applied only on the
substrate c30 to form the resin film c46 on the substrate c30.
The resin film c46 on the front surface c30A has a flat
surface extending along the front surface c30A.

Since the liquid does not enter the trench c44, the resin
film c46 is not formed in the trench c44. The formation of
the resin film c46 may be achieved by spin-coating with the
liquid or applying a photosensitive resin sheet on the front
surface c30A of the substrate c30, rather than by spraying
the liquid photosensitive resin. In turn, the resin film c46 is
heat-treated (cured). Thus, the resin film c46 is thermally
shrunk to a smaller thickness, and hardened to have a stable
film quality.

In turn, as shown in FIG. 64E, parts of the resin film c46
aligned with the pad regions c22A of the interconnection
film ¢22 (openings c25) on the front surface c30A as seen in
plan are selectively removed by patterning the resin film
c46. More specifically, the resin film c46 is exposed to light
with the use of a mask ¢62 of a pattern having openings c61
aligned with (corresponding to) the pad regions c22A as
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seen in plan, and then developed in the pattern. Thus, the
parts of the resin film c46 are removed from above the pad
regions c22A. Then, parts of the insulative film c45 on the
pad regions c22A are removed by RIE using a mask not
shown, whereby the openings ¢25 are uncovered to expose
the pad regions c22A.

In turn, Ni/Pd/Au multilayer films are formed in the
openings ¢25 on the pad regions c22A by depositing Ni, Pd
and Au by electroless plating, whereby the first and second
connection electrodes c3, c4 are formed on the pad regions
c22A as shown in FIG. 64F. FIG. 68 is a diagram for
explaining a production process for the first and second
connection electrodes.

Referring to FIG. 68, more specifically, surfaces of the
pad regions c22A are cleaned (to be degreased), whereby
organic substances (smut such as carbon smut and greasy
dirt) are removed from the surfaces (Step S11). Then, oxide
films are removed from the surfaces (Step S12). In turn, the
surfaces are zincated, whereby Al (of the interconnection
film ¢22) in the surfaces is replaced with Zn (Step S13).
Subsequently, Zn in the surfaces is removed by nitric acid or
the like, whereby Al is newly exposed on the pad regions
c22A (Step S14).

Then, the pad regions c22A are immersed in a plating
liquid, whereby the new Al surfaces of the pad regions c22A
are plated with Ni. Thus, Ni in the plating liquid is chemi-
cally reduced to be deposited on the surfaces, whereby Ni
layers ¢33 are respectively formed on the surfaces (Step
S15). In turn, surfaces of the Ni layers ¢33 are plated with
Pd by immersing the Ni layers ¢33 in another plating liquid.
Thus, Pd in the plating liquid is chemically reduced to be
deposited on the surfaces of the Ni layers ¢33, whereby Pd
layers ¢34 are respectively formed on the surfaces of the Ni
layers ¢33 (Step S16).

Then, surfaces of the Pd layers ¢34 are plated with Au by
immersing the Pd layers ¢34 in further another plating
liquid. Thus, Au in the plating liquid is chemically reduced
to be deposited on the surfaces of the Pd layers ¢34, whereby
Au layers ¢35 are respectively formed on the surfaces of the
Pd layers c34 (Step S17). Thus, the first and second con-
nection electrodes ¢3, c4 are formed. After the first and
second connection electrodes ¢3, ¢4 thus formed are dried
(Step S18), the process for producing the first and second
connection electrodes c3, c4 is completed. Between the
consecutive steps, a rinsing step is performed as required for
rinsing the semi-finished products ¢50 with water. Further,
the zincation may be performed a plurality of times.

FIG. 64F shows the semi-finished product ¢50 formed
with the first connection electrode ¢3 and the second con-
nection electrode c4. As described above, the first and
second connection electrodes ¢3, c4 are formed by the
electroless plating. As compared with a case in which
electrolytic plating is employed for the formation of the first
and second connection electrodes ¢3, cd4, therefore, the
number of process steps required for the formation of the
first and second connection electrodes ¢3, ¢4 can be reduced
(e.g., a lithography step, a resist mask removing step and the
like required for the electrolytic plating can be obviated),
thereby improving the productivity of the chip resistor cl.
Further, the electroless plating does not require a resist mask
which may be required for the electrolytic plating. This
improves the positional accuracy of the first and second
connection electrodes c3, c4 and hence the yield without the
possibility of displacement of the first and second connec-
tion electrodes ¢3, c4 due to offset of the resist mask.

Thus, the first and second connection electrodes c3, c4 are
formed. After a continuity test is performed between the first
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connection electrode c3 and the second connection electrode
c4, the substrate ¢30 is ground from the back surface c30B.
More specifically, as shown in FIG. 64G, a thin-plate
support tape c71 of PET (polyethylene terephthalate) having
an adhesive surface c72 is applied to the semi-finished
products ¢50 with the adhesive surface ¢72 bonded to the
first and second connection electrodes ¢3, c4 of the respec-
tive semi-finished products ¢50 (i.e., on the side of the front
surface c30A) after the formation of the trench c44. Thus,
the semi-finished products ¢50 are supported by the support
tape c71. Here, a laminate tape, for example, may be used as
the support tape c71.

With the semi-finished products ¢50 supported by the
support tape c71, the substrate ¢30 is ground from the back
surface c30B. After the substrate c30 is thinned to the
bottom wall c44B of the trench c44 (see FIG. 64F) by the
grinding, nothing connects the adjacent semi-finished prod-
ucts ¢50. Therefore, the substrate ¢30 is divided into the
individual semi-finished products ¢50 along the trench c44.
Thus, the chip resistors c1 are completed. That is, the
substrate ¢30 is divided (split) along the trench c44 (i.e.,
along the boundary region 7Z), whereby the individual chip
resistors cl are separated from each other. Alternatively, the
chip resistors ¢l may be separated from each other by
etching the substrate c30 from the back surface c30B to the
bottom wall c44B of the trench c44.

The wall surfaces c44C of the side walls c44A of the
trench c44 provide the side surfaces c2C to c2F of the
substrates c2 of the respective completed chip resistors cl,
and the back surface ¢30B provides the back surfaces ¢2B of
the respective chip resistors c1. That is, the step of forming
the trench c44 by the etching as described above (see FIG.
64B) is involved in the step of forming the side surfaces c2C
to c2F. Further, the insulative film c45 provides the passi-
vation films ¢23 of the respective chip resistors c1, and the
divided resin film c46 provides the resin films c24 of the
respective chip resistors cl.

As described above, the chip resistors ¢l (chip compo-
nents) formed in the respective chip component regions Y
defined on the substrate ¢30 are simultaneously separated
from each other (the individual chip resistors ¢l can be
simultaneously provided) by forming the trench c44 in the
substrate c30 and then grinding the substrate ¢30 from the
back surface ¢30B. This reduces the time required for the
production of the plurality of chip resistors cl1, thereby
improving the productivity of the chip resistors cl.

The back surface c2B of the substrate c2 of each of the
completed chip resistors c1 may be polished or etched to be
mirror-finished. As described above, a desired number of
resistor bodies R can be isolated from the device portion ¢5
or incorporated into the device portion c¢5 between the first
connection electrode c3 and the second connection electrode
c4 by selectively disconnecting one or more of the fuses F.
Thus, the resistance of the overall chip resistor cl (the
overall device portion ¢5) can be adjusted at a target value.
Further, the resistive film ¢21 of the resistor bodies R is
made of the material having a resistance temperature coef-
ficient of not less than 200 ppm/® C. in absolute value, so
that the chip resistor ¢l is improved in sensitivity to the
temperature of the resistor bodies R. As a result, the chip
resistor ¢l can be provided, which permits more accurate
adjustment of the resistance value and is suitable for detec-
tion of the temperature.

Thus, the chip resistor c1 is suitable for the detection of
the temperature and, therefore, can be used as a temperature
sensor. With a voltage applied between the first connection
electrode ¢3 and the second connection electrode c4 in the
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chip resistor c1, more specifically, the resistance value of the
device portion ¢5 (the resistor portion ¢56 including the
assembly of the resistor bodies R) varies with the tempera-
ture. Therefore, the temperature can be detected by measur-
ing the resistance value.

While the chip resistor c1 according to the third reference
embodiment has thus been described, the third reference
embodiment may be embodied in other forms. Where the
chip resistor ¢l is to be used as a temperature sensor, the
resistive film c21 of the resistor bodies R is merely required
to be made of a material having a resistance temperature
coeflicient of not less than 200 ppny/° C. in absolute value,
and Pt, Ni or Cu may be used as the material instead of TiOn
and TiOnSi. That is, the resistive film ¢21 may comprise one
or more of TiON, TiONSi, Pt, Ni and Cu. Where Pt, Ni or
Cu is used, it is difficult to control the temperature charac-
teristics (resistance temperature coefficient) of the resistor
bodies R by controlling the oxygen flow rate unlike in the
case of TiION and TiONSi.

In the aforementioned examples, the chip resistor cl
includes a plurality of resistor circuits having different
resistance values defined by the geometric progression with
a geometric ratio r (0<r, r=1) of r=2 by way of example, but
the geometric ratio for the geometric progression may have
a value other than 2. Further, the insulative layer c20 is
provided on the front surface of the substrate c2 but, where
the substrate c2 is an insulative substrate, the insulative layer
c20 may be obviated.

In the first connection electrode c¢3 and the second con-
nection electrode c4, the Pd layer ¢34 to be provided
between the Ni layer ¢33 and the Au layer ¢35 may be
obviated. If the Au layer ¢35 is free from the pin hole
described above, the Pd layer ¢34 may be obviated with
proper adhesion between the Ni layer ¢33 and the Au layer
c35. FIG. 69 is a perspective view showing the appearance
of a smartphone as an exemplary electronic device which
employs the chip component according to the third reference
embodiment. The smartphone ¢201 includes electronic com-
ponents provided in a housing ¢202 having a flat rectangular
prismatic shape. The housing ¢202 has a pair of rectangular
major surfaces on its front and back sides, and the pair of
major surfaces are connected to each other by four side
surfaces. A display screen of a display panel c203 such as a
liquid crystal panel or an organic EL panel is exposed on one
of the major surfaces of the housing ¢202. The display
screen of the display panel c203 serves as a touch panel to
provide an input interface to a user.

The display panel 203 has a rectangular shape occupying
the most of the one major surface of the housing c202.
Operation buttons ¢204 are provided alongside one shorter
edge of the display panel c203. In this example, a plurality
of operation buttons c204 (three operation buttons c204) are
arranged alongside the shorter edge of the display panel
c203. The user operates the smartphone c201 by operating
the operation buttons ¢204 and the touch panel to call and
execute a necessary function.

A speaker c205 is disposed adjacent the other shorter edge
of the display panel c203. The speaker c205 serves as a
reception port for a telephone function, and as an audio unit
for playing music data and the like. On the other hand, a
microphone ¢206 is provided adjacent the operation buttons
c204 on one of the side surfaces of the housing ¢202. The
microphone c206 serves as a transmission port for the
telephone function, and as a microphone for recording.

FIG. 70 is a schematic plan view showing the configu-
ration of a circuit assembly c100 accommodated in the
housing ¢202. The circuit assembly ¢100 includes a mount
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substrate ¢9, and circuit components mounted on a mount
surface c9A of the mount substrate ¢9. The circuit compo-
nents include a plurality of integrated circuit elements (ICs)
¢212 to ¢220, and a plurality of chip components. The ICs
include a transmission IC ¢212, a so-called One-Seg TV
receiving IC ¢213, a GPS receiving IC c214, an FM tuner IC
c215, a power source IC ¢216, a flash memory c217, a
microcomputer c218, a power source IC ¢219, and a base
band IC ¢220. The chip components include chip inductors
€221, ¢225, ¢235, chip resistors (corresponding to the chip
resistor of the third reference embodiment) 222, c224,
¢233, chip capacitors ¢227, ¢230, c234, and chip diodes
€228, ¢231.

The transmission IC ¢212 incorporates an electronic cir-
cuit which generates display control signals for the display
panel c203 and receives signals inputted from the touch
panel on the surface of the display panel c203. A flexible
interconnection ¢209 is connected to the transmission IC
¢212 for connection to the display panel c203. The One-Seg
TV receiving IC ¢213 incorporates an electronic circuit
which serves as a receiver for receiving signals of so-called
One-Seg broadcast (terrestrial digital television broadcast
for mobile devices). The chip inductors ¢221 and the chip
resistors ¢222 are provided adjacent the One-Seg TV receiv-
ing IC ¢213. The One-Seg TV receiving IC ¢213, the chip
inductors ¢221 and the chip resistors ¢222 constitute a
One-Seg broadcast receiving circuit ¢223. The chip induc-
tors c221 each have an accurately adjusted inductance, and
the chip resistors ¢222 each have an accurately adjusted
resistance. Thus, the One-Seg broadcast receiving circuit
¢223 has a highly accurate circuit constant.

The GPS receiving IC ¢214 incorporates an electronic
circuit which receives signals from a GPS satellite and
outputs the positional information of the smartphone c201.
The FM tuner IC ¢215, and the chip resistors ¢224 and the
chip inductors ¢225, which are mounted adjacent the FM
tuner IC ¢215 on the mount substrate ¢9, constitute an FM
broadcast receiving circuit ¢226. The chip resistors c224
each have an accurately adjusted resistance, and the chip
inductors ¢225 each have an accurately adjusted inductance.
Thus, the FM broadcast receiving circuit ¢226 has a highly
accurate circuit constant.

The chip capacitors ¢227 and the chip diodes ¢228 are
mounted adjacent the power source IC ¢216 on the mount
surface of the mount substrate ¢9. The power source IC
c216, the chip capacitors ¢227 and the chip diodes c228
constitute a power source circuit ¢229. The flash memory
¢217 is a storage which stores an operating system program,
data generated in the smartphone c201, and data and pro-
grams acquired from the outside by communication func-
tion.

The microcomputer ¢218 incorporates a CPU, a ROM and
a RAM, and serves as a processing circuit which performs
a variety of processing operations to execute functions of the
smartphone c201. More specifically, the microcomputer
c218 performs processing operations for image processing
and a variety of application programs. The chip capacitors
¢230 and the chip diodes c231 are mounted adjacent the
power source IC ¢219 on the mount surface of the mount
substrate ¢9. The power source IC ¢219, the chip capacitors
¢230 and the chip diodes c231 constitute a power source
circuit c232.

The chip resistors ¢233, the chip capacitors ¢234 and the
chip inductors ¢235 are mounted adjacent the base band IC
€220 on the mount surface c9A of the mount substrate c9.
The base band IC ¢220, the chip resistors ¢233, the chip
capacitors ¢234 and the chip inductors ¢235 constitute a base

10

15

20

25

30

35

40

45

50

55

60

65

82

band communication circuit ¢236. The base band commu-
nication circuit ¢236 provides communication functions for
telephone communications and data communications.

With this arrangement, electric power properly controlled
by the power source circuits ¢229, ¢232 is supplied to the
transmission IC ¢212, the GPS receiving IC c214, the
One-Seg broadcast receiving circuit ¢223, the FM broadcast
receiving circuit ¢226, the base band communication circuit
¢236, the flash memory ¢217 and the microcomputer c218.
The microcomputer c218 performs a processing operation in
response to input signals inputted thereto via the transmis-
sion IC ¢212, and outputs display control signals from the
transmission IC ¢212 to the display panel c203 to cause the
display panel c203 to perform a variety of display opera-
tions.

When a command for receiving One-Seg broadcast is
given by operating the touch panel or the operation buttons
c204, the One-Seg broadcast is received by the function of
the One-Seg broadcast receiving circuit ¢223. Then, a pro-
cessing operation for outputting a received image on the
display panel ¢203 and outputting a received sound from the
speaker c205 is performed by the microcomputer c218.
When the positional information of the smartphone c201 is
required, the microcomputer c218 acquires positional infor-
mation outputted from the GPS receiving IC ¢214 and
performs a processing operation using the positional infor-
mation.

Further, when a command for receiving FM broadcast is
inputted by operating the touch panel or the operation
buttons c204, the microcomputer c218 actuates the FM
broadcast receiving circuit ¢226 and performs a processing
operation for outputting a received sound from the speaker
c205. The flash memory c217 is used for storing data
acquired through communications, and for storing data
generated by performing a processing operation by the
microcomputer c218 or data generated by inputting from the
touch panel. As required, the microcomputer c218 writes
data in the flash memory ¢217 and reads data from the flash
memory c217.

The functions of the telephone communications and the
data communications are performed by the base band com-
munication circuit ¢236. The microcomputer c218 controls
the base band communication circuit ¢236 to perform opera-
tions for transmitting and receiving sounds and data.

REFERENCE SIGNS LIST

10, 30: Chip resistor, 11: Substrate (silicon substrate), 12:
First connection electrode (external connection electrode),
13: Second connection electrode (external connection elec-
trode), 14: resistor circuit network, 20, 103: resistive film
(resistive film line), 21: Conductive film (Intersection film),
F: Fuse film, C: Connection conductor film

The invention claimed is:

1. A chip component comprising:

a substrate;

a plurality of functional elements each having a resistor
element having a resistive film portion provided on the
substrate and an aluminum-containing interconnection
film portion provided on the substrate and in contact
with the resistive film portion;

an electrode provided on the substrate; and

a plurality of fuses each having an aluminum-containing
interconnection film portion integral with the alumi-
num-containing interconnection film portion of at least
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one of the functional elements and disconnectably
connecting the at least one functional element to the
electrode; and

an electrode pad having an aluminum-containing inter-
connection film portion integral with the aluminum-
containing interconnection film portions of the fuses,
wherein

the electrode contacts the electrode pad, and

the chip component is a chip resistor.

2. The chip component according to claim 1,

wherein at least one of the fuses is disconnected,

the chip component further comprising an insulative
protective film provided on the substrate as covering a
disconnected portion of the disconnected fuse.

3. A chip resistor production method comprising the steps

of:

forming a resistive film on a substrate having a plurality
of chip resistor regions;

forming an aluminum-containing interconnection film in
contact with the resistive film;

patterning the resistive film and the aluminum-containing
interconnection film to form a plurality of resistor
elements each including a resistive film portion and an
aluminum-containing interconnection film portion and
a plurality of fuses each having an aluminum-contain-
ing interconnection film portion and disconnectably
connected to the resistor elements in each of the chip
resistor regions;

simultaneously measuring overall resistance values in the
respective chip resistor regions by a multi-probing
method;
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selecting a to-be-disconnected fuse in each of the chip
resistor regions based on the results of the measurement
of the overall resistance values;

disconnecting the selected fuse;

forming an electrode in each of the chip resistor regions

so as to electrically connect the electrode to the fuses;
and

cutting the substrate along a boundary region defined

between the chip resistor regions to divide the substrate
into a plurality of chip resistors.

4. The chip resistor production method of claim 3, further
comprising the step of simultaneously measuring overall
resistance values in the respective chip resistor regions by a
multi-probing method after the fuse disconnecting step.

5. The chip resistor production method according to claim
35

wherein an electrode pad is formed from the aluminum-

containing interconnection film in the step of patterning
the resistive film and the aluminum-containing inter-
connection film, and the electrode is formed in contact
with the electrode pad.

6. The chip resistor production method according to claim
3, further comprising the step of performing a heat treatment
for stabilizing characteristic properties of the resistor ele-
ments before the measurement of the overall resistance
values in the respective chip resistor regions.

7. The chip resistor production method according to claim
3 further comprising the step of forming an insulative film
on the substrate to cover a disconnected portion of the
disconnected fuse.



